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A&SZMSZ 
g9n9iie p2aattetty» It umst tharaforwt p2ann»d t« 99r^9n 
th9 gtogrttphte atrvin 0 / thig »p§et€9 found in unA ur9und 
Alifftirhm Adulta V9r9 eolUeUd fn>m th9 ft^id umi dwalling^ 
of th€ Univrttity ea»puM and adjoining araa, fhay mora 
raarad undar optimal eonditiona tn tha laboratory and inbrod 
in largo population aagoa for noro than tmanty gonorationa* 
i aoareh waa thon mado to do tact iha uiaibla morph6>l9gieal 
varianto* Mutanta ao dioeooorad mora iaolatod and inbrad, 
»haro poaaiblo, to gat auffioiant nmtbaro for appropriata 
brooding oxporimanta* Croaooo impolvtng tho muianto tmra 
mado in all poooiblo diroetiono to inooatigato iha probabJo 
maokamiom of tnhoritmnoo* Tka data §0 oktaimod M « 
atatiatioallg ammlyaad to ••a/tfM tka mo4o •f irom^miaaion 
of tko abuormaJ traito* f^mrtoom iiUkoritod abmrmalitiaa 
affooiimg antonna, palp, ago, prohoooio, abdomom mnd tho 
mholo bo4y0 mora iooXatod* Tho trot to diaooworod and tho 
prohablo maohamiom of thair tJift«rf t«iio# aro brioflg doaoribod 
boJom It ia hopod that tho praaont work mould throw aomo mora 
light on tho formal gonaiiaa of thio opooioot 
/ lift £ i o i fffff*ifft* 
6^9 with slightly displee*^ hotr». TM0 irait is 
sentreJJsd by a monof&etoriaJt sutosomsl fpstsivs 
gsns, appssring in ulnpst squal frsqusmsy In tks tms 
§§X0», but is mors pronsunesd in mslss* Mxprssston 
is slightly varisbls in fsmslssm I'snstrsnesB simhiliiy 
and surpivsl ars gssd* 
It is eharsetsrissd by 9 spindls shspsd sppssrsnss sf 
ths ultimsis ssgmsni 0 / th€ antsnns in mslss* Tks 
mutstion is fnA«rt««d «« « singlS0 sutssomsl rsssssivs 
trsit snd is ssM^limitsd* It hss uni/Srm sxprsssisn 
snd good psnstrsnos without sny sffssi on fsrtilttyt 
visibility snd SSM rstiOm 
torwmlly potntsd spissl ssgmsnt 0 / msls «iit«fiii« is 
msdifisd so tkst it kseomss rsduosd snd blumt, Ths 
ssM^Hmitsd trsit is inhsritsd ss monofsstsrisl^ 
suHssmsl rsssssiss* Psnstrsnos snd smprsssivity srs 
good snd /rsfusntly unilstsrsl* Hsbility snd 
fsrttlity srs sompsrsbls to ths normsl indisidusls* 
• w « 
^^  MUk I ttjUiMltUt' 
rk* muimttQH «//«0t« «nt«iin« tn »ai«« omJy* Th§ 
§0$m9mt9 »••••• h99d9d, Ul9§99p9d fNto OM asoiA«r 
dMt to i*«tfuott<»a ft«lM«ii tA« fII t«r«•^•11 t«i •!>«««# 
^tvfap • •^«<r«<f ap|>««raii««. fh* mwib^r o / Acfra on 
•aoA ••|rii«Ri tt r«<lii««d« irfvtnir ft c na*«tf look* TA* 
tr«ft Ml* found to h* 9impl9t aitto«oiiai r«««««fp« antf 
••«o»lliifttftf« P§tt9trttnet t§ good, €xpr9»»i»tty tilightXy 
partabltt »f«^fitt|^« fitn&w oHd •vrvfvai eomparahJ* 
to iwrmal imdtotdumlo. 
^ kal iMUmiMMSML* 
Th9 mutation af/ooto fomoloo only whoro tho aptcal 
and oubopiottl oagomto of antonna aro rodueod tn longth, 
giving it o holl'^hopod appoorameom Tht trait to 
monofaetorial, autooomal roooooioo and oos^Jimitod* 
Indtoationo ara that it to alJalia to 'bXunt antonna* 
rmportad in maloo and non»all9lie to 'omollan antonna** 
Ponotranoa and piabilttv ara good and tho OMpraaaiom 
ia umiform* 
^^ a a icauL§Ai§Mt* 
Tka a/fooiad uala antonna with droop oharaatar hao 
tho haira on oaoh oagmont atrongly appraoaad, otieky 
and rumnimg olooaiy along tho fiogolXum* fha trait 
- »f -
2Mk9 0Mpr§t$iom in /•iMi««. ^•n«eie »tuii99 indtemU 
th9 »tmpl90 uut999ma2 r«0«t«fv« Mtur§ 0 / IA« traiU 
P0n§traM$ f« gp9ii, vlaftfitty* /•rtUii^ tnd Bur9iw2 
or9 n0t 9ff0et9d* 
'^i IMR aiUL UMSaaJ. MiM' 
Th« trait /ind§ 9xpr§99ion in / t i iaitt pnJy vA«r« tJI# 
third »9gm9nt f« doubly 0l0ngat§d ttutn f i t normal 
eountarpart and an aquaily Jong fourth tagmant t« 
addad ao that tha palp i>aeomaa ah9mt ana third of 
tha J9ngth 0/ probo9ei9, Th9 trait ia gov9m9d hy 
a aox^linitadt monofaotarial, autooomal r«e«««t9« 
g9n9* It haa fair panatranoo, fr9qu9ntly wnilataral 
oxpr999ioity and lorn piability* 
flit J2£ Plain jujjt* 
fh9 trait aff9919 p9lp in mal99 mith no ph9n9typt9 
9xpra99i9n in f9m9l99* d ntmb9r • / palp ilcf r« ara 
found mi99img on t/k« «j»ftui nmd 9mbii^%99X 99gm9nUit 
gioing it 9 9h9r90t9ri9ti9 pl9in •r ii«ft«tf 9pp99r9m999 
Th9 trmii i9 9ontr92294 hy «•»• / • • fortci* aittaaomii, 
!*•«#•• f»« «fMl •«dr-»lf«tt«tf §9n9, k90ing •«««ii«iit 
P9n9tr9n99 9n4 uniform 9Mpr999ioity9 it A«« no « / / f t f 
oil 99m ratio and uutonto *«»• good oiabiiity ond 
0Ur9i992* 
- vti -
/ I £i& iMiJSL §Hmnt BiUiM* 
It t§ eharaeUrtM§d by tA« ah§9nc9 o / «j»to«J »9gm§mt 
and th§ blunt appaarane* of th§ Bubrnpieal t«^»«iit« 
rh9 §Rtir» two »9ffM9nt9d palp t» at larga 99 prob099i9t 
It laeka 9xpr9»9ion in f9wml99* (!9n9tie 9xp9rim9mt9 
eonfirm9d tha tratt to bo otmplo aut09omaJt r>«««««f9«« 
Fonotroneo to good and 9xpro»9t»ity uniform* 
'I'ho mutation a//«ci« a looaliaod part 0 / th9 9ompound 
oyo in both aoisoa* ^omo of tho faoota g9t on2arff9d 
and ommatidia appoar aoattorodp largo and irrogular 
in tho form of a prominont bulgo fraquantly on 
antorolatoral ar«a. 2'ho abnormality mao found t9 bo 
monofaotorialt autooomal r9eooaio9m I*9n9trano9 f« 
goodt, oMprooaivity fairly oonatant and viability^ 
fiin999 and 9ur9ipal ara good* 
^^ iM Sam grfffrffffU* 
fha proh999i9 in muiamt im4i9i4u9l9 9k9m9 a pa^uliar 
a9uta$ downward bawd at tha diatml fr99 9nd in b9tk 
«•«••• fh9 inh9ritan99 pattarn indiaataa a 
monafaatorialt autoaamal r«««««t»« g9n9 wkUk kaa 
good p9n9irane9 and r9du99A piabtltiif* 
- 9iU -
^/ / iMSL SMOSU MkiStSMJSi* 
MutMHi indt9idU€J9 0/ b9th M0X9» 9*pr9»9 9 9UrV94 
9hdom9n tfiMP to b9Hitnff 9/ tht aMoRfiiaJ 99$m9Ut9» 
Th9 tr9tt i9 9imp29, 9ut99om9l r«e««tt9« 9nd n9ttk9r 
a9S»Hnk9d nor 99»»Itmit9d* Sspr999totty t« di9tim9t0 
vtability 299 and m9rt92ity high during «m«r^ «fio«« 
AIII iSi, H§t9rM' 
.ihi9 trait 9//9et9 th9 »ho29 b9du in b9th ••^••« 
ini9nfm ta e9t2§d and cur99d$ winga eur29d and 
crumplad and tha i«^« ara wabbly and undu2ating, 
Tha trait l« Rono/aetoriai* aut099mt2 raoaaaipa and 
9ami'"!atha2* £Mpr999i»ity haa u^ida ranga of variation^ 
panatranaa l« g90dt viability poor and mortality 
high during •M«r|r«nc«« 
^^^ MM ^f^Eif symnir9»9n^* 
Ik999 indt»idua29 9h9» 9 eombtnatian 9/ 9nt9rior m929 
part9 994 p99t9ri9r /«»ai« parta 9nd ar« •t«rfi«« It 
i9 prob9b2y and p999ib2y tnH9rit9d thr9Uffh mtrmml 
9tb9 9/ th9 gynmndar 2in9 and i9, th9r9f9r9, prob9b2g 
i*«e«»«tt»«* fh9 tr9it 9pp9ar9 to h999 AO 9f/99t on 
99S ratia* 
''M - ^ j j ^ «*= j-w 'i.ri—••V*" -4 Vi !_* ,« 
';:^ :'V:7/}^ ^X^v i^!; AS'f^  ^ r'.^  
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1 
Th0 t9rm formal gen^tica t« takwn to ifuply thm 
fundamental study of tnharttancs of chcraetoritttea and 
»utagan99t9, dBtcription of mutants, prsparatton of Jinkago 
maps, collection of erosoovar data, oax datarmtnation and 
othar mattors rolatod to ths eharactorijtation and 
tranamisaion of ganatic matartal* Much of the mork dona 
in racant laara on forsal ganatiea haa baan relatad to 
tha inharttanca of resiatanea to inaaettctdaa (iadano, 1970; 
Kalra, 19701 ^alr.an and Gaorga, 1970; and ^.-akat jnj^  al,, 
l! 79ajm Jiha tneompatibility bet»aan cartatn natural 
populationa of moaquitoaa ta the moat intrt^eting ganatic 
phanomanon not only bacauaa of ita thaorattcal tmplteationa 
hut alao baeauaa it holds graat promiaa for vector control 
(Jostt 19701 iiubbarao gX £ i .# 1974, 1977s, 1977b, 1977c)* 
Ths davalopmant of a system of formal ffsnsties 
prsvidss ths tool for ths tnpsstigstion of any gsnstie 
phsnoaksnon in vsetor spsciaa* It facilitataa full 
undsrstending of a situation with respset to populationst 
subspsciss and spseiss* In addition, it is ssssntial for 
an accurats asssssirsnt of tha possibilitiss of gsnstio 
2 
control op9ratton$ and for und€r»tandinif phtnomttna tuck aa 
tn»9etteid0 ri§9i»tanc9 and ability to tranamtt dtaaataa, 
fha formal ^•nirt(e« of moaguitoaa includas tha thraa ganara 
of voator; namaly Udaf. Gulax and AnoDhalaa, 
Gulax Disianf i . was probably the firat among 
motguttoat on %hioh gnatic mork maa carried out* Buff 
(1()S7'-35)» Jeecribed the auacepttbiltty and rafracttveneaa 
*>f '•^ui^x DiPiene to /laamodtum c^thamerium* Another poineer 
work of genetic approach on Culex wae initiated on autogeny 
{lioubaud, 1930, 1937)• -^ince then eoneiderable reeearoh in 
genetiea of moequitoea haa bean directed towarda iaoJation 
and characterisation of trutenta (VandeBey, 1960J, 
iedea ia one of the beat known inaecta from the 
atandpoint of both baaie and applied acience, liecauae of 
ita medical importance, a vaat litj'ature haa accumulated 
on ita formal genetica, eytogenetiea, behaviour, diaeaae 
relationahipa, control, raaiatanee and polj/morphiam etc, 
i/k« amount and range of information accumulated on the 
formal genettea ia evident by a aeriea of recent reaearchea 
(ladanot 1976', 1977a, 1977b, 1977c, 1978a, 197Bb, 1976ef 
1979a, 1979bi 2rpta, 1979/ J^dhamt, 1977a, 1977b, 1980g 
L *Maara, 1975i \uinn and Craig, 1971 / ffartbarg and traig, 
1973, 1974t dhmad and Arara, 197Bh Ihe vail known 
phanamanon of autagam haa been rather thoroughly atudiad 
in diveraa papulattana and tta gene tie baaia haa bean 
3 
dtteovr^d (c *M§ara and Cratg, 1969t ^ 'Mnarat and XranMnick» 
1970{ O'Maara, 7972/ Heyar and Uoyd, t97€; irpU» 1977» 
1976)* Similarly tha »ark on polymerphiam haa bv^n expanded 
(Bullini il J(^.., f972/ <Seott and MeClJaland, 1977t 
lahathniaht r97St Mary £ | £X»* 1' 79s Plainer and voalyn, 
1979)* Graat ganatic variabiltty eoncarning partieuJar 
loei as mall aa diffarant gaographical populations has haan 
damonatratad by qui to a faw workara (Saul £| . flJL** 1976, t976i 
^ilbaratain £ | o j . , , r97tij» darliar work of ihadi and Brown 
(f96f). Khan and Brown (f96tj, and iirOB?« and dbadi {t96SJ 
on tha yenatiea of raaiataneo ha» been atudiad in mora 
detail by Margham and Mood (1974, 1976) and Hitchsn and 
iood (1975)» ^uaeaptibility and sector alility studiad by 
Bilaua (1973)9 iarmadote and Craig (1977), hava b@an ohotm 
to vary in diffarant gaographic araaa a» mall aa in different 
laboratoriee (Aodriguee, 1972$ iaige and Uraig, 1975s 
Kilama, 1976s itrimatad gJH gj^,, 1977)m franeplantation of 
filarial uorma in genaiiaally aeleeted linea of iadea aeauptt 
hae been iamonttrated by Terteedow (1972)* Affeete of 
variouM ahemioala, radio aetipe alementa and ioniMing 
radiationa ie the other field t^ere valuable inveetigationa 
have been done (Sehlaeger §± §1,, 1974s ^aparma and Paul, 
1975s SedriguoM fU. &l*» 1^78s Seott and Outhrie, 1972s 
Jkeman and Sai, 1972s Salltnan and Mai, 1973)* ¥ariatione 
in ehromoeome morphology have providad a valuable tool for 
traetmg thepattern of inheritanee for tfoaw vital abnonial 
trtitttm fh0 dt9eoo9ru of cro§topitr'^9uppr0»»er •n^anetr* 
C€2I eye20 tim§ und origin of now ohromooomeo aro tho othor 
tntrotting phonomona doocribod during thio proeooa in iodea 
(BhaUa, 197fl Bairn and AoiU 1978/ MoHonald and Mai, f970). 
Gonotie control prograwmoa and bahaoicral gonotiea aro tho 
tufo othor iuportant and throughly invootigat&d fioldo in 
Aodoa (&a% and Moi)onaId, 1972i McDonald sX Sl** f977t 
fotoraon ol SLL"* ^9771 ^ehoantg, t969; Bond gJiStl** 1970i 
ifwadM, 1970i ('wadx «t ^^.^ 1971; rpio and ffauaormann, 197BJ, 
'^ <*'' '^ •<^ <f* *^ « turning point o&ema to hava occurrod mith 
tho roeont otudioo on MA icynthoota, rolativo JJAA contont 
of normal and oos-'ratiO'-diatorting aparmatosoa and ^MA 
aynthoaia in motaphaao chromooomoa (fong and Morton, 1975f 
ho ton oX &i«» f^7Bi Marehi and &ai, 1978J, 2hus tho work 
<" ^f<^** ^oa aeeumulatod ao mueh information that it 
eomparoa wall mith i>roaoDhila oapoeially in tho aroa of 
formal gonotiea* Bowooor, aimilar work ia eomparativoly 
loaa in tho othor two gonora of mooquitooo, dnooholoq and 
Bowooor^ aoooral mutanto inoolwing almoat ooory 
important part of tho body, naturally oeeurring a» wall aa 
induood, haoo boon iaolatod in Culo^ pjgtfwf eomplos, fho 
inhoritaneo of mora eomplox traita haa aloo boon aiudiod. 
Soma of tho important onoa ineludo tho nimb&r and OMtont 
of tho tooth of tho laroal poo ton (DaBuek, 1955)9 tho form 
) 
0 / hypopygium (ieytr, f9Jf6f ^undramartt 1949s Barr und 
Kartman, 1951i JKnighU t953Jt the abdominal patUrn of 
adu2t$ (Gh9l9lovitcht 1950) and the langth and chaatotaxy 
0/ the larval aiphon (CalJct, 1947, 1954, 19551 i'ermeil, 
1952J, <tuite a few papers have reported the vartationa in 
larval colour namely, black larva (i^ehman, 1971J; green 
larva (..oneolt, 1972)t melanotic larva (ladano and tarr, 
1975)s yelloK larva (Taiane, 1977c)t green {Subharao and 
ddak, 197B)0 and a series of many colours (^hetty and 
Choufdaiah, n76). 
Important advances in cytology and cytogenetics of 
mosquitoes have been T<^de, Valuable contribution to 
karyotype study has been made by stegnii e^ gi«« (1976), 
d, detailed study of salivary gland chromosomes has been 
done by Dennhoefer (1974, 1975), hitMniller ^ ^,(1976), 
and Oguma (1976), There is a long list of chromosomal 
abberrations in Cule* (Jost and Laosn, 1971g Sahat £ l i i«» 
1971; Dennhosfer, 1973t Bhalla £i §1*, 1974g Baksr £l ^., 
1977: femfik and Barr, 1976$ Mei^onald ^ «!•# 197e). Many 
of thes0 attempted chromosomal correlation to genetic loei 
(Habbani and Seamright, 1976t Sakai gJi £i*« 1979h). in 
interesting series of induced chromosomal abnormal 
morphology was noted by McGivern and Rat (1972), than ami 
Aaqil (1970), Sabbani and ntMmiller (1974), Mutagens 
trisd for the induction of chromosomal abnormality included 
G 
0thy2m0than9»u2ph0nat§ (Sakai and Saktr, 1974)$ radioaotiv 
9l9m9nia lik§ e9«iu«« photpheroua, atronttum. and yttrium 
{Seott and Guthrtt, f972j, and I and T irradiatton iibdal 
and Ha/ia, 19721 dkram and da lam, f975J* Aaptd advaneaa 
tn highar dtacipiinati like UMA synthaaia during call eyela 
hatfa alao bean made (liepela and Laudani, 1972i and enuyme 
polymarphiep: (Bullini £^ gg^,, t97t, 1972s Iqhal sS, Sl»» 
197Ji ^ahai elal»0 1975a, 1975bt Gargan and Barr, 1977i 
Paeteur and dilbart, 1978J* 
The morphological pariabiltty in various (geographic 
populations of i^ulex is quite extensive and the species 
has provided evidence of great genetic variability (Sakai, 
1972)* There is considerable evidence tn the literature 
which shorn that Gulsx Dipiens fatieans is highly variable 
in appearance and strueture,much in the earns way as 
Aedes as aunt i (Mattingly, 1957, 1956,' Shetty, 1974i 
Ahmad, 1976)m There can be no doubt that natural 
populattons do contain a certain amount of 'mutation load*. 
In the pressnt study an sffort has been made to uncover 
hidden mutations from natural and laboratory populations 
by systematic inbreedtng and sampling, 
Tha data so far obtained indicate that Gule* ptBiens 
complex is not as variabls in morphological eharaeteristtes 
c •^<**f aeauDti where reported mutation frequencies are 
7 
a§ high aa 2*7 and 2*9 for Kany pepuJatton» and aa lorn a» 
0,72 and 0,64 for otharw (VandaBoy, 1969)* ^van thaaa 
lowar freguanetot aaem to ba much highar than tha fraquoney 
in tha AUG atrain of M f £ pfpffnt /fffgfff»ff «» raflaetod 
by th9 nuptbar of uiabla mutanta tn tho praaant atudy* 
Houmotrt tt i9 parhapa too oarly to make a valid eoRpariton 
and many mora populationa of CuJax viDiana fatiaanq would 
hava to ba analyaad bafora aueh a eompariaon could ba 
Justified, 
Ihe present work hae bean confined to the discovery 
and ieacription of morphological mutants and the probable 
mechanism of inheritance of each »utation recovered in a 
particular strain of ^ulex pji^iene fatioana, Ihe information 
so accumulated has been utiliaed for comparative genetic 
studiss, d total of 71 variants or morphological mutanta 
were diacovered during the praaent atudy (labia tj, 
l/owevert majority of theae varianta were either loat or 
diacardad due to eomplteatad preblema aaaoeiatad with lorn 
penatranea, highly variable aspraaaivity^ poor viability 
and high a»rtaliiy. Only 14 of the mutanta Itatad eouldp 
therefore, he atudiad in detail. The work baa bean dona 
with the hope that it would make aome addition to the 
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ihmU £ t Ml* (^979J found tfMt gy|fff MSMMSM. IsHMMSi, 
»«• tint RO«t ecmnon and propalont »p9ei0§ of mo§guiio9» in 
and around AUgarh* Tho mutmnio boing roporfd in tho 
praoont »ork tmra ioolatod from a loJiorotory strain of thio 
opoeiaop In ordar to build up tho a truing now knomn no 
Alie otratn, a larga numbar of mooquitooo mora initially 
fiald eoHoc tod from Aligarh and allowod to broed 
eontinuouoly and randomly in population eagoo (3*13'13*) 
undor optimal eonditiona, fha airain haa boon matntainad 
in th0 laboratory for mora than throe yaara* 
d aampla eompriaing about 500 indipiduala wa& takan 
out from tho population oagoa randomly at rogular intoroolo 
of 2 woaka for a poriod of 60 moaka* Thirty oamplao 
eonoioting mora than t5»000 individuala mora thuo aubjooiod 
to oeraaning oporation for tho dotaetion « / muftionom 
ddulto mora oboorvod at 90 I mognifioation mitk otorooooopio 
miaroooopo or binooular* Any mooquiio ohoming morpkologiool 
dootation from tho u&uol pa Horn waa ioolatod and oaood* 
Tho romaining indioiduolo of tha oamplo oneo takon out of 
tho population eogoo mora diooardod aftor tha ooroanimg 
opormtiom» farianto thuo diooooorod mora oxpondod by moot 
matingo amongot thomoalvoo and mith thoir normal oiba for 
15 
a /«» 00n9ratioH§ in ord^r ie jr«t tnough eaff* population, 
of oAoh mutoHtm fho poriotiono roappoortne in ouboo^uont 
9onoroiio»a »or§ eomoidorod horoditoru and moro tootod 
furtktr to dotomino tho osooi maiuro of inhoritoneo* 
fho toehniquoo of roaring and mekins tho en»««fi> »oro 
oimiJar to thooo doooribod oariior (Croig and fandoifou, t962i 
Tadonot 1976, I977hi Mhamit 1964}, with oHght modifieationo 
to ouii tho atroin and eonditiono of tho Jaborotory, 
Tho fomaloo dopooitod thoir oggo a$ ogg-^rofto on tho 
surf000 of motor kopt in onamol rnugo* In tho otoek uood, 
opipooition bogan en day 3 and moot of tho ogg^rafto woro 
dopooitod by tho 4th day* In oomo roro «ii««4i ogg loying 
woo doleyod ao much a« 7*^ dayo or mora aftor tho biood 
moaJm 
Tho otrain uood hod no gonotie footor for doiayod 
hotohing oboorood in AodfO aoeupti (HUot, 1955J and Jmt 
4>ji# immoroion in ordinary tap mtor w«« ouffioiont for 
oluooi oompZoto hotohing* ^ooxygonatod or ogod tap motor 
which aetod «« otimuiuo for hotohing in ^•^•ii (Craig and 
fandoBoy, 196Si fadano, 1977b) »»#« thoroforo, not uood im 
tho prooont work. Moot of tho oggo hotehod mithim 24 houro 
aftor ooipooition* Mggo mora loft ooornight in tho ooipooitiom 
pono, onouring on aJmoot oomploio hatch of oiablo oggo* 
thoropor noodod, ogg-^rafto woro otudiod to doiormimo tho 
IG 
9/ 9mhry9n9i94 •gg9* 
L9rP99 W9r9 f9d 9n If999t t9b29t (il9mbt9 9H9mt99l9j* 
Th9 numb9r 0 / M9a9i l«^l«t« fftP9n 9t 9 ttm9 d9p9nd94 oil 
tH9 29r99J in9t9r andf th9tr nv9b9r9* &«n«reJiv <>">• Aci/ 
tttb29t Mtt 9Uffi9i9nt f9r JOO laro99 on th9 ftr9t d9y* 
For 9Ub99qu9nt tfoyt tfS to yf4 t^hl^i p9r d9y iseo 9n9u$h* 
€ar9 iMO t9h9n Co P9mop9 99um tf /9rm9d from th9 our/ooo 
of mator »ith a ttrtp of ftli9r poper* 
Hth proper f99dtHffs pupation began on the 7th day 
ttftor hatohtng and vaa eompJotad withtn 3 day9» Tha pupa9 
mora 99S9d and 99parat9d d9tly on the ba9t9 of thatr •<«•• 
ffndar propar faoding oonditton9» malaa aro 9ma22ar than 
/•Moioo and U9ua22y pupata 9 day 9ar2tor* ddu2t9 wara fad 
on fOf 9uer099 9c2uti9H (dna2arj aoakad in eat ton pad9 
mhtoh mora eh9ng9d 999ry third day* M29od «oai waa providad 
to th9 /oaoioo by pl9eiHg an99§thotiM9d oiMno r«io OR tk9 
top • / th9 99gam i ou^outaaootio injaattan e / 0«5 fo t»0 ml 
(2*50 t9 5*0 mgm) Mambuia2 992ution IMO U90d to 9n999th9tiM9 
th9 r9t9 f9r 2 t9 Jf h9ur9» /onoioo voro u9U922y fad on 
^ioetf «o«i on th9 fifth d9y 9ft9r OMor^ onoo. To onovro 
*iootf feeding 9nd ang9rg9U9ntt the f9919299 W9r9 9tar99d /or 
9 d9y pr9999itng b2o9d iMioi. 
Cro99ing 9xp9rim9nt9 %99d in fonoIto ino99tig9ti9m9 
92ightXy diff9r9d Aoa th999 U99d for routimo ooioiiy 
17 
iiatiit«nafict«. O^n^rally, two tyjNV* of er099os wtr« mad9 
! • • •« a«#« oro»9§» bot»»0n ##JI f9ma29§ and ton mo2o» of 
tho roquirod gonotypo and phonotupo ond oinglO'-putr «r««««« 
utiltMtng brothor^oioior maiingo^ Tho pr&ffony 0/ maao 
ei*o«««« Mi« ototiotteolJy onoiyood by eht'-^oguaro mothod 
for tho ojcpoetod phonotypie rotieo of Sf louol of 
•t^Rt/tceAct with 0R« dogroo of frtedcm uotng Hull 
hypothooio* too to of alJoltom woro modo, whorovor neodod, 
botwoon ttso nutanto apperontly of oimtI«r noturo» 
Poruanont mounto of tho part affoe tod or of i^olo 
body woro mado in noutraJ modtim DPI mountant aftor tho 
procooo of graduol dohydrotion, Tho mutanto woro 
photographod urtdor tho mterooeopo (PZQ, SABSZAVAg 7447) 
fittod with a Comoro (MIMil LAMBSC) and uoing J5 mm 
ponehromatio ttiniaturo film (Fortopan, 160 ASi/23 DTl^). 
In ordor to obtain aceurato gonotie data, eontinuod 
ooioction for tho moot vtgorouo ittdiPiduaXo which io 
iiUioront in tho oolony^rooring mothodo IM« nootdod. Optiuol 
eondiiiono woro uaintainod to oXXow moMimwm fooundity» hatth 
and ourptMl* dJJ osporimonto woro eorriod out in an 
onwironmont oontrol room with a tomporaturo of 27 * f^C 
and $0 f !^ M»B, Tho eofitrel room paintod black to roduoo 
intornal rofloottono, wa§ iXluminatod for f2 light houro* 
J^ olight doparturo from tho normal praetioo of prooonting 
tho rooulto and dioeuooion ooparatoly hao boon mado* In 
18 
9rtf«f* to Mfuffffn «9mtimuitv im tJI« d^aeriptUm # / tJk« 
mut9mt9» th9 pr0bahl& m99h9mt9m 0f iah*rtt9me§ mnd tk* 
eompurtiipt •//•«t« • / flt« mmtmiiamg ih9 i*«#tiit« «i»i 
<f1««tt««t«ji k«90 d««ii «9ii>fji«<l tR •»• eJk«^ t«r* iSi«A Jtaifcwi 
has h9«n pr«99at»d and dt99U999d 99par9i92$m 
19 
SMIUM, Mk immm 
Mo ««A«r »p9«U» 9/ tho gonuB GUUM hmo yUldod ao 
many oUiblo mu$mnU a« ^Mlt£ nteUM fatiBW. Many • / 
thaaa morphoJogiaal varianta 9an aaaily ba diatineuiMhad 
from tha wild iypa, Tha baaic ffanatiea of thia moaguiiOg 
a natural and asparimantal vaaior of filariaoto in iha 
tropioa» haa boon atudiod tn thta laboratory in an offort 
to add to tho information alroady aoailablo on tho formal 
gonotioo of thta •j9««f«« and with a t>f«v to find out tho 
anoworo to oomo of tho problono of modioal tmportanoo* 
Tho mutanta affooting morphologioal poriability woro 
do too tod by mieroooopie OMamination of a largo numbor of 
individualo of tho otrain and ationtion »«« paid to almoot 
all parto of tho body* Of tho 14 mutanto diooooorod, 
6 modify antonna0 3 affoot palp, S diotort wkolo body and 
ono oaoh ««ii«frfM tho oyoo, proboooio and abdomon (Tablo 2). 
and th0 body part affaaied 
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fh9 fl§g0lJuM 9/ nomai ant»mn9 i§ m^rt or Itga 
ttraigkt and antannaJ hatra on •«eA §§ffm9ni Mhow a f§oth§rif 
ttppa«ranc§ mnd ar« untformli/ dtatrtbut§d (Hs»I,f)* _2h9 
nutetnt aRt«iiR« ffAo»« a ehtartietariatie eurvt appearneea^ 90 
that a band ia claarjy viaibla ariaing through tha niddla 
(Hg*j02), Tha eurva inpolpaa aagmanta battman 6^9$ 
diaturbing tha faathary appaaranea to aiightJif diapXaaad 
arranganant of ha%ra» mora proninantly in malaa (Hga,I» 
3 and 4J* 
iipa diffarant eroaaaa in all poaaibla diraetiona 
mara mada to da tormina themoda of i^aritaneo of tha trait 
now nomad aa 'eurpo antanna** Croaaaa involping mutant 
famaloo and wild typa maloa and piea paraa produoad only 
wild typa indtPiduala tm tha ^^ progany irraapaotiva of 
••«• Tha Fg progany of thaoo oroaaoo oonatotod of »tld typo 
and mmtanto im i^tmkora aloao to a Jit ratio (fabla I i« 
«!«•••• f and 2jt Oroaaao batwaon mutant famaloo and /^ 
normal malao and pioo porta produoad wild typa and mutant 
9ffapring in almoat aqual numbara, pory eloaa to a ttt ratio 
(Tahlo I A» erot««t 3 and 4)* i oro«« botwoan mutant famalao 
and mutant maloa gavo riao to only mutanta aa oxpaotod 
fig* It Sormal nal^ anUnna »howinff straiffhi fl§gtiIXvm 
and f0ath9ry apptaranew of hairw 
Ji^ig* 3 t Mml9 h9ad Bhomtng unilat9ral 9xpr9§9%on i 
Am ma typ9 anttmna 
B, 0ut9Ht ani0mn9 
/ / if 
^ 
^ . ^' ijF 
1 
§ f f w^^W 
Fiff* 3 I Mutttnt mal0 untMnna thoming a 9urp§ beiw§(§m 
9«em§ntB 6»9» vith dtaplaettd hair$ 
Miff* 4 t Mutant f9m920 antenna showing a ourw* butmt^n 
9§0m§tiu 6^9» bilateral 9spr§99ton0 with no 
wigni/iesnt di9plae9m§nt of hairt 
""""utt teB&in moan* ' 
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(TmhU I it eroM 5J0 Bm§94 911 tA« w»mofmeiorU2» umt9»omm2 
r«e«««f»« hifp9th*9i9 f9r tk9 fr«tt» th» o/kf««9ti«r« v«iii«« 
»«r« «i»«y« !••« tftan 2* /n fu§i th9 eAf*«<ru<i*« 9«itt«« /»r 
a i i tAf«« «roM«« ar« «ueA A«iov t/l« taM« vaitM 0 / 3,84 
at 5% UP92 0 / •f^jif/f«aji0« mitk o»« d&ffr§9 0/ frttdom, Tha 
aiati§tiea2 aiiaiy«|« • / «A« daU» iharaforat i«jur« a ttrofi^ 
support to tfttf AypotA««t« 0 / ih§ trmit baing m0nofaetoria2, 
9uto9oma2 r«e«t«f9t ttpp9aring in aJMMt t^uai fraqMney In 
fh€ r0»u2t9 ifftnt further eon/irmad by »ing2&''pair 
matingt in a22 ptfih2« dir9Ciion» (Tah29 I B), Aa axpectad, 
orot9§9 »JI«r« ona 0/ th§ pairing partnara »aa a nutant and 
the ot/k«r an inbrad wild typa gava riaa to only wild typa 
of/apring in tha f^ ganaration, fka i^ pro gang aagragatad 
in »i2d typa and mutant indipidua2a in a ratio eloaa to 3tf 
raapaetiva2y* S%milar2y book areaaaa in aithar diraetion 
produead bath mi2d typa and mutant tndividua2a in alm^t 
afua2 numbsra* Tha dapiaiiona /ram tha aspaatad ftf ratio 
wara atatiaticm22y not aignifiaanU Mara agaimt a aroaa 
mkara both tha pairing partnara wra mmtanta prodmad on2y 
mutanta of bath aaxaa* Tha data tkai* aamftrm that tha 
mutation aam ia a atmp2a» aut9aoma2» raaaaataa trait, 
fha trait ahawad aama ouriabi2ity, Tha band in tha 
aha ft waa moat2y praaant in tka m%dd2a ragion but a faw 
indi9idua2a ahawad tha band at tha praMima2 and, Moraaaar 
tha appaarnaaa of tha trait waa vary of tan uni2atara2 
28 
(H8»I$S}t with f99 imdivXdunlt BhoviHff hiJafr^l •Mpr»9Biom 
(Figplt4)* ih€ tratt««P«R ihoueh pr^B^nt in both 9§x$», wis 
mar§ prenounesd in «« ! • • thun in / • « a i « « . fh§ bsnd in 
/ • « o i t « wa» aomstints 2s§» proneunend and vnrisd fron mnlJ 
dsfintd turn to a vsry nJight eurvs (iigmltS)* Mnlsa shovt 
not only a roodtly dvtoetablo bond, but alao havo a dofintto 
dioplaeomont of fow or moro ontonnal hoiro ahoad of tho 
eurvo* A doom otudy roooaJod that th« gono dooa not of foot 
tho totol nusubor of ontonnal hairo but only thoir distribution, 
iho hairs on affoetod sogmonts and bsyond aro slightly or 
narkodly irrogular thus changing tho uniform foothory 
appoarnaeo of the affoetod part. In fonalos no sueh 
oxproeaion was obsereod, mainly duo to ths fact that oogmonto 
aro hoiry and omalJ, 
Many mutations haoo boon dioeooorod rith abnormalitios 
of tho antonna as a wholo (franch, 1965) or a part of it 
(Tadono, f978c,i$?9a;Shotty and Ckowdaiah, 1977). Tho 
*antonnal-'baso* (Craig, 1967)shows sows oort of latoral 
bonding of ontonno* Fronoh (1963) roportod a u-ohapod bond 
in polpi unliko tho antonna, of tho prosont easo* It 
rosultod in *wort liko loop*, unilatoral or bilatorel in 
both soxos* dmothor trait, 'bont anionno't turns tho anionno 
of malos and fomaloo baekvards but without u»shapod turn 
(fronoh, 1963). 
Ponotronoo of tho gono oan »ao good with tho ooluos of 
92.7H ond 94*50% in f^ progonioo and 95*65% ond 95.86% for 
20 
th* baek ef*e«««« (T9b29 if, Mo.fJ, F*9Wiaity Md wiubility 
0/ th€ muttiHtw vtfr« a2$o good, produoing normal numhoro of 
oggo ond adu2t§ p^r ogg-^rafU Tho muionta oro tkuo eomparabJo 
to normal indioidualo in oiahiltty, fitnooo and ourvivol. 
30 
ThiM natto'ally oeeurring p'Utont wi& iBolcttd from thit 
tnbr»0ding gtratn of thu laboratory population* iho cpieol 
aoffltnt of tho antonna in mal§a bgoomot Mwollon giptng it 
a aptndlo §hapod appoaraneo. The longth of tho tagmtmt t« 
almoot oqual to tha normal on** but it i§ clmoot thrao timoo 
broador than tho normal oogmant, fhei smmlling batng 
prominont^ apindla ahapad and unilataral in moat eaaao, ia 
readily dataetabla (Fig§,II,I and 2)m ifo famalaa ahowad 
tha trait* 
Maao or09000 batmaon thu mutant and tha wild typo 
indioiduala vara mada to datarmina Iha pattam of inharitanea, 
Sinea tha trait mao totally abaant in famalaa, eroooaa oould 
bo mado only in ona dtraeiion, Groaaaa batwoon tha wild typa 
fomalaa and mutant malao produead only normal f^ hyhrida 
(Tahla JI 4$ eroao IK In tha f^ progany malaa oagragotod 
into mild typo and mutant phanotypoo in a ratio vary elooa 
to 39l whilo all tha fammlaa wara phanotypioally normal tn 
thia rogard (Tahla II A, eroaa 9)* Tho r^ hybrid fomalaa 
mhon baoh eroaaod to mutmnt malao gaoa tha OMpaetad ratio 
of fit in tha mala progany (fabla II i* orooa 3)m Tha 
dopiattono from thio ratio mora otatiaiioally nogligtbla, 
Tha eAt*«ffiHir« poluaa boing loot than 2 and mamh laaa than 
tka tabla oalua of 3*84 oi 3f laoal with ona dogroa of 
Mmk 
Fig* 1 t Mutant «al# BhOMftng unt2at0ra2 «jrj»r«tf«toii of 
antenna t 
i . Infill typ« iipieal «#^K«iif 
B, Mutant apiaal aagmant 
Hi* S I MugmifUa otavi of apieol oogmont ohomtng 
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fr^twion Itnd furthur »upport te ih§ <lata «iidr tfon/fm tA« 
hyp9th»§iB 0 / 9inff2§0 ttuto§om9l0 r»e9»»iv trait, now b9tmp 
d9»ignat9d btf th§ ttymhoJ 
In order to further eA««A ih9 hypoth99i» wingla'^pair 
»ating§ v«r« »ad« tn all poaaibla diraationam Tha raaulta 
ara ahomn in labia II B, It ia avidant /rem aroaaaa 2 and 3 
that tha proganiaa tn ths / and o / the back eraaa aagragatad 
in rattoa »ary eloaa to J / / and ftf raapeetivalym 2ha 
aharaetar tag hatoavar, aax-'limitad aa it laehad axpraaaion 
in the famalaa. 
The nutsber of progeny per egg^raft ehowad that viability 
and fertility were net affected by the mutation, Sinee the 
progeny of all the eroe tea eonaieted of almoat equal numbera 
of femalee and malaa, there wa» no evidenea of the trait 
diatorting aax ratio. The axpraoaivity of the trait waa 
uniform), &ary often unilataral and panatranoa waa good being 
92% and 96,5% tn the / « and baok orooa reapaotioaly 
(fable Xf» Mo,2), 
d majority of mutatiomo reported in moaquttoao arm 
raoaoaioom Tko rooulta $h9m elaarly that the praaant aiit«tloii 
•iwi to alao a roooaaioo one, formal narrow and long apteal 
oagment i§ domimant ooor aiM in malaa, wkora the ultimata 
aegmant aoquiraa a opindla ahapod appaaranea, 
A oonatdorabla emmunt of work kao been done with qutto 
a few antannal mwtatioma in dXfforont gonora of mooquitooo. 
35 
Th9 mtJl Btudttfd m99guito for varicus merphoJogieal mutatiQnt 
Qf antenna i» 4§d»a <i»gi»gtl. Th* '«OK/>r««««tf % 'antenna^baM' 
(Cratg, 1967), *b2aefi^p9dU§l* (Coktr^ 1965), *buJbou9* and 
*kn9b* (rand9M9y and Craig, 196S) ara fate of tham, Taiane 
(197ee, 79a) and Shatty end ChotBdatah (1977) hava daaertbad 
'cut antanna* and 'hatrltaa antanna' in diffarant apaeiaa 
^f o^^ ^^ f «»d Culaxm wftllt 'wart antannal aactien*, 
'antanna miaaing*, end 'globoaa antenna* hane bean raported 
by (French, 1963), Span though, *wart', 'globoae* and 
'antenna miaeing* ttre aex^limited, the preaent mutant ia 
different from ail the previoualy deacrihed onea* 
O b 
MormMlly th€ apteal 99gm§nt of anUnna f« tJongatMdg 
•nding in a »harp pointed ttp and th§ apteaX and auhapieaJ 
9§gm§nt8 ar* of th* aame Bigg (f^ig*lJI,I A and 2)% In oa«« 
0 / th%% muttkntt th9 apical aagmant not only loaaa iia poiniad 
naturo but alao ita aiMO to almost half of it* eountor part 
or aubapieal lying bohind it (Hg*III,I B and 3)* ^ha 
antonna thua loeko blunt in appaaranco but haa no othor 
otruetural stodifieation* Tha axprosaion ta limitod to malaa 
only and i» unilatoral mora of tan, 
Maa§ eroaaaa and otngla^pair matinga mora mada in all 
poaaibla diraetiona «• ahown in fablaa III A and III B, F^ 
offopring obtainod from mutant maloo and wild typa famaloa 
mora all mild typo* In tha / . all famaloa mora again 
mild typa hut tha mala progony oenotatad of both mild typo 
and mutant individuala in a ratio pory eloaa to 3ff* A^« 
book eroaa progony obtainod by eroaaing mutant malaa and f^ 
famaloa gaoa o phonotypio ratio olooa to ftf» S'ha data of 
both typaa of oroaoaot maaa «• moll aa aingla»pair» gapo 
oimilar roaulta and thua ovpporiod aaeh othor* Moeiprooal 
oroaoao uaing mutant famaloa oould not ba mada ao» hara again^ 
tka trait did not oxproaa itoalf in famaloa* Tha data 
obtainod from tha brooding oxporimomto thua ahom a monmfaotorfl^ 
UL 
F%g% t t Mutant mals §howing unilataraJ tsprwaaien of 
antonna t 
i. Poinfd tip 0/ apteoi ««|F««fit 
B* Blunt tip Of apical Magmant 
fig* 2 / Magnifiod 9i§m of normal apical aogmant ahomimg 
long and poiniad tip 
^•.i: '•.^X4- V H- ^^  
iig* 3 i Magnift9d pi^m of Kutani apical 99gm9nt» 
ahowing raduead 8tM§ ofuf blwni tip 
Sim JKSS 
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auiotomulf r^e^Btttv m§ehtmi9m of (tiJI«rf tano* for iht» trott 
ai«o vftte/k If Ire th§ 'avoiitft ontonno* t« oox-'limiUd* Tho 
gono r§»poHatb2€ forftt 'blunt anUnno' ha§ boon aooignod 
bio oymbcJm Tho ehi^oguoro too to moro oppliod to tho da to 
ond tho monofoetortol autooomal hypothoeto found to hold 
good ot 5'^ lovol of otgntfteaneo with ona dogroo of froodOM, 
Ponotroneo boing 96m4J% for i_ ond 94»15, for bock crooo 
progony woo oxeoHont (foblo XV, So*3J* J^proooivtty woo 
uniform, oiability oxeolJont ond ourpioai normo2 with low 
mortalitu* 
Mutationo affocttng tho ovor all oiMO of antonna in 
ono or both tho 4i«x«« hovo boon roportod in Aodoo (Hortborg 
ond Craig, f97<4). In g»|fir PffflfWf /fffltfiM -'i* «»rf Mhomi 
(1977) and Ahmad (197B) roportod oueh a roduetion in tho oimo 
of antonno though duo to difforont roaoono* Othor mutationo 
liho *Moduotton of antonna ond palpi* (Map) and 'Aoduetion of 
antonno only* (Ant)» aro aloo knowi to haoo tho oamo of foot 
(looon, 1957)* In Anooho^oo monu troito Itko 'wort antonnol 
oooiiou'i 'globooo antonno' and 'loboto torminol antonnol 
oogmonto' roportod by froneh (1963) roduoo tho longth of 
antonno duo to oomo oort of otruotural abnormality in 
««^ii««t« and aro difforont than tho prooont mutant* 
42 
This mutation, 2ik0 th9 pr0viou» tw3t aff%et9 antenna 
in Jiai«« onl]i% In th« normal §haft of ontonna all tka 
aagmanta ara dtatinet and almott oqually $p&eod by 
tntorgaffp^ontal arao «o that the antonna raachoa th» longth 
of prohOMCia* Th9 onattomoua foathory hair» from all around 
tha aagmant i» a charaetartBtte of noma! antenna (Fig*IT, 
f Aj, In the nutanta the antennal ehaft haa a marked 
reduction in intareeffmental spcee »o that the antennc 
beeomea ehcrter and beaded, ending well behind the proboeeie* 
d eloee etudy reveale that not only the eegmente seem to be 
teleeeoped into one another but aleo appear to be rounded* 
The feathery appearance of the antenna ie markedly loet 
due to ateenoe of long haire around the eegmente giPing the 
flegellum a naked appearanoe (Hge* If, f B and 2j» 
Breeding experimente to determine the meehaniem of 
inheritanee for thie trait were oarried out* The reeulte 
of maee oroeeee are euunarijeed in Table If A* d eroee 
beimeen mutant malee and mild type female*, produced all 
mild type progeny, then theee F^ tndivtdumle mere oroaeed, 
539 indioiduala were obtained in the f^ progeny. Of theee 
all the 272 femalea mere again mild type but the male 
progeny oonaiated • / 206 mild type and 6t mutanta* ifhan the 
a 
iig» t I ff»ad 0 / a nutani ma2§ thowing ujitiat«roi §spr0aat0n § 
Am Normal antanna 
B* Bagdad ant*AIM 
r%$» 9 i Mm$nifi9d »t«» 0 / muitint fJo^oJlum »homing 
bomdtd »€0m0at9 t«i«tc«j»«<f into oooh otkor 
with ohof^etorioiie nohod look 
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f^ /»ii«i«« mr^ bMk er««««tf to mut^mt aiai««« a21 f%« /•mttl9» 
mumhring 875 out o / « total pr^guny 0 / 57i?« iMr« vtid typ«« 
4<itoii|p«t iff ma2§ prog9my • / tJlt« erp§§ 167 v«r« »<i(f tifj>« 
andf fj<9 »iitafit«. rA« r««ttit« e / tA«f« tM ero§99» thu» gmv€ 
a ratio olooo to 3t1 and Itt roaptettvaty for tho mii* progony* 
fh« data, thoroforo, indieato a otmpio autooomaJ,roeo§§ioo 
moehaniam of inharitaneo for thio trait aito. Tho ehi'-'aquaro 
oaluoo aupport thia suggootion and tha gana kaa, tharofora, 
b0«n aaatgnod tho tymboJ bfa for tho boadod antonna' trait* 
In Qrdor to furthor confirm thoao rooulto oinglo^pair 
matingo woro mado in nil pooaihXo diroetionom Tho rooulto 
aro suMmsrijfod in feb2§ IF >?• da ospoetod, a eroaa botwoon 
wild typo fomalo and mutant F^alo produood all wild typo 
progony* In tho f^ progony all fomaloo mora mild typo 
mhoroao tho moloo oompriood of both toild typo and mutant 
indioiduala in numboro oory elooo to 3if ratio roopoetivoly* 
Tho booh 9ro«« progong of f^ fomaXo and mutant malo again 
eomoiotod of miJd typo / •««!••• but koro ogmim •§ OMpootod, 
tho mmloo oogrogmtod into wild typo and wmimnto nlmoot in 
oquaJ numboro thuo providing o ftf ratiom in tho trott dooo 
not oxprooo itoolf phonotypionllg tii /•»«i««« rooiproool 
orooooo uotng mutant fomaloo oomid not bo madOm Cbooroationo 
on OMproooioitg ond pinbiHty roooolod thmt doopito • 
olightiy varioblo OMproooion, tho mutonto dan oaoilg bo 
difforontiotod from tho normal onoo and oro oomporoblo to 
normal indipiduolo in oigour» ft tnooo, vl«»fiftv ond ouroiooU 
47 
/'«ii«tr«}ie« 0 / tk« gwnw mm* f^vmd to %• epcd in all th« meZ^ 
progeny (67»57 to 91*36%, fuhU Xf, So*4)» 
fh0 data pr§§§nUd A«r« e2§arJy tndieaU that thi§ 
mutatton ai«o te s fUipts ff9nd€tian autc$om^2 trait vftatt 
phanatypte axpraagien te limiiad to tr.alaa only, 
^"^ •^ wojp^ aJaa tha 'fuaad antannal tagmania'a 'arart 
antannaJ aaetiofi* and 'glehoan antanna*$ ara aoma of tha 
mutanta raportad ky i^raneh (f963) and daaeribad in thia 
chap tar aarliar* Stmilarly in ii^dff togot* tha 
'hairlaaa antanna* (Tadano, 1979a)and in „4f4#a naffupti tha 
*baad* (^raig, 1967) are aoma othar autoaomal mutania which 
baar a raaamblanea to tha prasant one* Hovauor the mutant 
'baadad antanna* (pfa) daaeribad hara ia dtfferant from cJJ 
thaaa daaoribad aariiar <r one ewj, or tha othar* 
48 
^ g^-^ -^  anUnnu fbaZJ 
'Tht typical normal antanna in famalaa haa th§ $§gmant§ 
which arc eylindcrical and almost equally elongated (l'ig»f»1)* 
In caac of mutant fcnalca the apical and aubapieal aegmenta 
of the antenna are eonatderably reduced in length and give it 
a ball ehaped appearance (figa»f,2 and 3)» The trait waa 
found only in female a, 
Reeulta of different maee croaaea to determine the 
pattern of inheritance are ahown in Table V A, then mutant 
femalea were croaaed to wild type malea, the F^ progeny 
Gonaiated only of wild type individuala» all havcing the normal, 
elongated apical and eubapical aegmenta. The l \ individuala 
when intereroaaed for F^ progeny produced 5f9 malea, all of 
which were wild type and 466 femalea of which 359 were 
wild type and 109 mutanta. The back eroaa between the mutant 
femalea and F^ malea yielded 228 malea all again wild type 
and 169 femalee conaiating of 108 wild type t 81 mutanta, 
Tkua the F and back eroaa progeniea, aa for the femalea are 
eoneerned, aeemed to be aegregattng in a ratio cloae to 
3t1 and 1i1 reapectioely, indicating the trait to be 
mono factorial and receaaipe but limited to femalee only. The 
chi^aquere value of 2,532 for /*„ and 1,928 for back eroaa 
progeny are leaa than 3*84, table value, 2%« data, therefore. 
Fig^ 1 t F§wial9 h§ad showing noraial ant«nna* 
having cuHnd^rieal and 9Zongat9d 
t^gmtnit 
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J^ig^ 3 i MugnifUd pi§m of apteal and §ttbopie*2 §«gm»nt» »ho»tng rtductd, ball 9hap§d 
appaaranett 
fig* 4 t #al« antonna ahoming intarmadiaU 






Jtiff* 5 i Magntfiad vtttw 0 / int^rm^dtuU mal* 
ant*nn& 
Fig, 6 t Magntfi^i viMw of f§mal9 antenna 9hovimff 
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fit th0 hypoth€ata at 5% Itvtl of Biffnifieane* with on« d0gr99 
of fr€§dom. 
In order to oonftrm the hypothBaia aingXa-^pair matinga 
wara mada. Aa indieaiad by tha data praaantad in Tabla f 3$ 
tha F^ /"la-^* progany aagragatad into 39>7 ± 2*23 wild typa t 
1U4 i 0,68 mutanta, Tha maXaa vara all wild typa. Similarly 
tha back erosa famala progany produced 27,0 i^ t,d7 vHd typa t 
20,2 ^ 0,62 mutanta, Thua both thaaa croaaaa for tha famala 
progany gava ratioa cloaa to Jtf and ftf r&apactivaly, 
confirming tha monofaetorial, autoaomal receaaiva and 
aax'-limttad inharitanee. The trait haa been assigned baJ 
symbol, 
T»o more eroaaea ware made to teat tha allelic relation'-
ship between, 'ball antenna*, awollen antenna* and blunt antenna 
(Table f,G), The F individuals obtained from a cross between 
homoMygoua bal feualea and homoatygoua awa malaa, ware all 
wild typa with reapeet to thaaa traita indicating no allelic 
relationahip between them. The aame oonelttaion waa drawn from 
aingle»pair matinga of tha aame type of cross (Table V, D)* 
Sowavar, F^ progany from the cross involving bal/bal females 
J bla/lla males, produced all the individuala with an 
intermediate expreaaion. Thus in malea, not only tha ultimate 
segment is slightly bulbous but also hocked (Figs, f,4 and 5J» 
while females show a bulbous appearance only (Fig,V,6J, 
57 
Similar rttuJU mm obtained from •ingl9<»pair m^tingt 
(fabl* V, i>)m fh§99 pt»€rimtioiu giv ih* indieatien that 
baJ and bla ara probably allaZic and an intormadiata 
aspraaaion auggaata that naithar af tham ia daminant aoar 
tha othar* 
Panairanca waa found to ba 93»f6f for f^ and 65*7f1 
for tha back ort>§» progony^ Exproaaipity waa uniform mith 
good viability* 
A aimilar mutation in Cj^^^ oipianp fiMa^M ^o* *••» 
raportad by Alt and Adhami (1977)» ahowtng an abnormality in 
tha apical and aubapieal aegmanta of mala antenna whara tha 
t»o aagmanta ara raduead in langth and hava a fuaiform 
bulboua appaaranca^ Sinea no Mandalian rattoe wara obtainad» 
tha trait waa auggaatad to ba pclyganie* Tha othar mall 
atudiad moaquito for oarioua morphological antannal mutanta 
ia Aodaa aaay^ti. In 'eompraaaad* (Craig, 1967) and *bulboua* 
(fandaMay and Craig, 196SJ tha apical and aubapieal aagmanta 
of antanna ara fuaad and bulboua raapaetioaly, of tan malaniaad 
and/or flaitomad» Sowaaar, tha praaant trait did not ahow 
mal9Hi»mtion and ia diffarant in appaaranea and moda of 
imharitmnaa from all ihaaa mutanta* 
58 
Tti* mild typ9 «}i*«iifi« 0Xt0ndt forward and la aliffhtJy 
eurptd with long anUnnal haira Jetting all around tht aagmanta 
giving it a eharaetariatic faathary appaaranea (Hg^VI^fJ* 
Th§ a/faetad antanna with droop eharaetar haa tha haira on 
aaeh aagmant atrengly approaaod, otieky and running forward 
eloMoly along tka flagallum (Hgamfl^S and y), tha trait laoka 
ixpraaaion in femalao and waa notiead in malaa only. 
To dotarmina tha factor raoponaibla for thia trait, 
mutant malaa wara iaolatad, Maaa eroaaeo and aingla^pair 
matinga vara mada in all pooatbla dtraetiona* £tinea tha trait 
aould not ha dataetad in famalaa, raeiprooal eroaaaa could not 
ha mada* Tha raaulta arc 9ketm in Tablaa VI i and VI B» 
Mutant malaa whan eroaaad to wild type faualaa» produced only 
wild typo o/faprtng* Sataroaygoua imdiwtdumlo of f^ progany 
wara imhrod to obtain tha fg progany »llfi« aoma of tha f^ 
fammlaa mora bach orooaad to mmtant malaa* Tha famala progany 
of both tkaaa oroaaaa wma wild typo in appaaranoa* Tha malaa 
oontiatad of wild typo and mmtamt indiotduala in numbara 
aloaa to Stf ratio in /^ and oloaa to ftf ratio in tha bach 
oroaa progany* Singla^pair matinga gaoo almoat aimilar 
raaulta (Tabia VI B)» indicating thia trait alao to ba aiw^la» 
JUL 
fig* f I Hid type antenna ahowing feathery 
hairg 





i^ f^ * J 9 Muffnifitd vi€w 0 / droop ant§nna. Bhowtng 
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G'^ ) U 1 
b00n 40§ignaUd «• tfan. 
fh0 r€9u2t§ m9r0 ana2y§§d atutiatteally and tha eJki^ f^iMir* 
vaitt«« «r« t»tSfS for th§ J^^ and 0*218 for iha back ero$M 
progany aa agatnat tha 3*84» tabla 9aluo at 5i laval of 
aigntfieanea with ono dagrat of frtadom» Tha hypotho§i9» 
tharafora, holda good for manofaetortal» autoaomaX raeoaatoa 
inhorttanea, Sinea tht trait did not appaar in famaloBt it 
eould ha aaaumad that it ia aax'^limitad with almoat uniform 
axpraaaioity in maXaa* Ponatranea of tha gana in malaa xma 
found to ba abova 90f> in all tha eroaaaa yialding mutanta 
(Tabla ZV, M0m6}m Tha mutanta eomparod wall with tha normal 
indipiduala in piability, fartility and auruival, Tha gana 
did not aa«m to affaet tha nornal aas ratio^ which 
approximatad ttfm 
Tha 'droop* haa baan obaaroad in Aadaa aaattoti (fandaSay 
and Craig, 196SJ0 »hara tha antannm baeomaa craaoant ahapad 
amd auroasbaehamrd, Mowavart in tha praaant eaaa tha 
oharaetariatia oraaaant appaaranoa ia not ao pro*imamt and 
tha trait aaama to hawa a diffarant pattam of inharitanaa* 
G4 
B. PALP MUTANTS 
VII Long $9oment palp (lap) 
In Culex pJpJBna fatigana tha normal famala haa a 
J-aegmentad palp about ona aiath of tha langth of proboacia 
(Pig,VII»fJ, In the mutant the third aegment of the palp 
ia almoat doubly longer than ita normal counterpart and 
a fourth aegment ia added to it ao that the palp becomea 
muoh longer and ia about one third of the total length of 
proboacia (Pig.VII,2). The trait finda expreaaion only in 
femalea where it may be unilateral or bilateral. 
Breeding experimenta were conducted to determine the 
mechaniam of inheritance of thia trait* The resulta 
obtained from maaa croaeea in all the three poaaible 
direotiona are aummariaad in Table VII A» A croaa between 
mutant femalea and wild type malea produced all wild type 
progeny, fhen theaa F individuala were croaaed among 
themaalveat all tha malaa were again normal but of the 320 
female progeny 252 ware normal and 68 ahowed the mutant 
trait, Croaaaa between mutant femalea and F^ heteroMygoua 
malaa produced 136 wild type and 86 mutant femalea, Tha 
malaa ware again all normal. The phenotypic ratioa of tha 
famala progeny of theae two eroaaea were cloae to 3*1 and 
1t1 raapaetively. The data indicate a mono factorial. 
Ul 
f%Q% f t Bead of a normal famala ahowtng 
J'-aagmantad palp 
Fig» 2 I Baad 0 / a v^uiani famala ahowtng long 
third oogmont and an addod fourth 
asgmont of palp* &ni2atoral aspraaoion 
<L4», V; - • fer^ V 
>1 
» fm^ tf^'^r'^fv^'^ 
f>^'^?iP'.Y>p/' 
j^tfft 3 I R9^d 0 / a mutant f§ma29 ohcwinff a 
dot §hap0d fourth augment « / th§ 
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9Ut999tml» r«e«««(v«« 99»miimit94 mtekmnitm «iitf th9 $9m§ 
etuMimg th0 truit Ac** <A«f*«/»r«» >••« aeatgntttd by 2fp^ 
t%9»9 r99uJt9 99r9 9onfint9d by th9 proy9ny 9/ 
9tn0X9''p9tr matin09 in all tA« thr99 dir9etiOH9 
(fabZ9 fll B)m d9 9xp9eUd» 9 er999 b9tw99n mutant /tii«i« 
and namal mala praduoad all narual individuala trraapa9tiv9 
of 99M» Tha /^ famala proyany oanaiatad 0/ 24*2 ^^  3»23 
wildtypa and 6»S ^ f,59 nutanta* iha back eroaa batm99n a 
mutant famala and F^ mala ytaldad f2m6 -t 2m6Jf wild typa and 
9*6 f 1*53 mutant famaJaa, Tka mala proyany waa alwaya 
normal, Thua tha reaulta of ainyla-'t.air eroaaaa fully 
aupport tha data of maaa eroaaaa* 
Panatranea of lap yana waa found to ba fair 
(77.47'-B7m74f • tubla ir. Mo.7), ^xpraaaipity ma fairly 
uniform aa moatly tha axpraaaion waa unilataral and only 
oaoaaionally bilataral* HabiHty0 howavar» waa markadly 
low, with hiyh mortality during ambryonte atagaa* 
Martbary (1975) d999rib9d 9 aomparabla mutation 
'palp astandad' in iigu, UMMMiU ^ ra9aa9iv9, ••x.i<ii*«tf 
and 99S<»2imit9d mitcttoii 9f/99timy only f9mal99B «ci«««« 
*k9 minut9 yl9bul9r 9p%99l •«f««Kt • / th9 f9m9l9 p9lp t9 
b9 alanyatad and 9mt9n49d t« « l9nyih of •»• third 9r s tr t 
• / th9t 9f tk9 f9urtk p9lp9l 99im9nt» S9ma wariatian fii 
9Mpr999i9n with p9m9tr9n99 b9img 93%0 W99 n9t9d th9r9 «i«« 
< u 
hut th9 woki^Mt had axfUant pittbility* An»tk§r mutatiom 
»10Hs palpi* (^J 999 raparUd by Bakar ^ £l, (1976) 
following trootmont with othulmaihanooulphomato^ fho 
Mutant «a« to^ominant, oos^Hnitod and tha homoMjfffOuo ^B 
famalat lohieh axhtbitad tha longatt palpal typa had raduead 
viability, d atmilar mutation * long palpi* (Franeh, 1963J 
oeuaad on alongatton of tha maxillary palpi bayond tha tip 
of probotcit in both aaxaa of inoDhalat* It aleo ahomsad a 
rf«# ranga of variation in maloa* Another trait 'long palpi* 
(Sii.) *« rnaUa ha» boon notioad in if^iut f»»i?i/i?tt (CraiSt1967), 
vihtra all tha sagmanta ara affaotad* ffowaoar, tha praoant 
mutant i t diffarant phonetypiaally as mall «« ganatieally 
frcm all thaot mutanta daaortbad by aarliar workara, 
Xo pronounead tuft of hair ft found in las at ia obaaroad 
in *foiir jointfd* {£lJ palp in Culax Diotans (/'itsmillar, f95Sj. 
Tha *5 Jointed* (5^J) ia anothar similar mutation in 
dadas aoouotim wharo a now sagmant is addad to tha palp 
(fandaHay and Gratg, f96S)» Soiaaoar, hara tha nam sagmant 
is not as long as in jfp^ but only a small protutyanes 
axtsnding bayond tha apiaal ssgmsnt* 
In oonstrast to tha abooa mantiomad mitatfont aauttfi^ 
tha alongation of tha palp in ona way or tha othar» soma 
mora which raduea tha Isngth of tha palp haoa boon raportadm 
thasa inoluda Mao in QUISM (laman» t957J and *ahort palpi* 
*» ^noohalas (rranah, 1963t Bahar and Kitjomillar, 1964). 
71 
Mmpm IA« domtmamt mtttant rwiuc** tA« aHt&nnn and pnlpi im 
• « ! • • and tA« anttfiiJia only fii /#««!««• iiioM«r aiiftfatte« 
<" filjUk 'eltt^ d«<f p*lp%\ wil«r« «il« r«tfu«tlen f« e«it««tf ft^ 
tAort«iilii|7 and eantraation to a oiif^»Jf*« or haok^ahmpad 
diatal atgrnani 0 / tha pa2p§ tn malwa only haa baan raportad 
by la»§n (t95SJ* 'Short palpi* haa axpraaaion in both 
aosaa and haa a pronounead ahar-taninp of maxillary palpa in 
dHOBhplaf (Franoh, 1963)* JTout^tr, **• *9hori palpi* of 
Bakar and XiiMmtllar (19^4} waa rapertad in famalaa only» 
If ona axaminaa tha data a littla minuialy, it eould 
bo nottcod that thoro ia oomo variation fn tho phonotypio 
ratio of tho propony from tho ozpooted 3t1 or lit diotributiomm 
Hfforontial mortality and ouroioal of tho gonotypoo eould 
bo tho plausible osplanatien for thio oariationm 
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fh%§ nutation af/09t9 puXp» in ma2§» onJtf. i« 9hoim 
in itg,fXII»1t « numh%r of pulp haira ar§ found ntaaing 
0§p§eiaJlif on th§ apical and aubapteal aagn^nta in tha 
mutant* Tha wild typa palp to choraetoriMOd by numorouo 
largo hairo earning out from thoa« ultima to oogmonto and 
surrounding them (iig»fIXl02 and 3)* 
Tho rooulto of tho maos erooo«a involving tho mutant 
mala ara a^mn in Tabia VIII i , »han normal famalaa mara 
eroaaad with mutant malaa, all tha F^ progany, irraapaetiva 
of aa*t vaa wild typa. In tha / . all tha famalaa mara 
wild typa but tha mala progany aonaiatad of 44t wild typa 
and tJO mutant indioiduala, a ratio oloaa to ytf raapaeiipaly, 
Tha baak aroaa katwaan F^ famalaa and mutant malaa produead 
338 famalaot all again mild typa» and 4S0 malaa of whioh S46 
wara mild typa and 214 muiamiat « ratio approximataly ftf 
raapaottoaly* Tha ohi^^qumra waluaa for tha two eroaaaa 
mara 1*130 and U113 raopaatioaly aa agaimat tha tabla 
aalua of 3»64 at 5% lawal of aignifieanea with ona dagraa 
of fraodom* Thio alaarly indioataa that tha trait ia baimg 
oomtrollad hy a monofaoioriaJ^ auUaomal raeaaoioa gana» 
Simoa tha trait laakad axpraaaion ffi famalaa, raeiprooal 
oroaoaa maing mutant famalaa aouJd not ba mada* Tha trait 
JbauUL 
Hg* t i jPalp of a mutant mala ahoieing abaamea 0/ 
hatra on apteal and subaptoal aagmania 
/ |^« 2 t Palp • / a iMf*««J «ci« ahawimg mtmaraua 
kaira praaant on aptoal and autaptaal 
aagmanta 
'j^i.'ie^i^j'i,^ 
Fig^ 3 i MagnifUd vitm o/ normal ««i« pulp fhovimg haira growing ail around 
th§ aagmamta 
J^tg^ 4 t Magnifiad viaw of mala palp with 
•oaniyg attektng kairo 
^^^^^^^^^^^^^^BJEE^ 
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haa been named aa 'plain palp' and ie being given the 
eymbol j ^ , 
Theee findings were further eonfirmed by the reeulte 
obtained from eingle^pair matinga in all the three directiona 
(Table VIII B), The femalea were alwaya normal while the 
male progeny conaiated of wild type and mutanta in numbera 
which were cloae to Jtf for the F generation and 1:1 for 
the back oroaa. From the tablea aummeriging the reaulta of 
oroaaea to elucidate the mode of inheritance of £2* no 
aignifioant departure from the expected 3*1 and 1:1 ratio 
in malea ia obaerved, Thia confirma that ££. ^^ receaaive, 
autoaomal and aex^limited. There ia no diattnotion in the 
phenotype of pp/pp, +/pp and +/-*- femalea for thia trait. 
The trait haa a uniform expreaaivity aa the mutant palp 
ia more or leaa devoid of haira. In aome casea where rarely 
a few haira are preaent, they remain appreaaed to the palp 
and give it almet a naked, hairleaa appearance (Fig,Till,3»4)» 
Penetrance being above 90i> in all typea of oroaaea waa 
excellent. The gene ££ doea not aeem to affect the aex'-ratio 
which remained fairly balanced and normal. The mutanta had 
a good viability and compared well in aurvival with the 
wild type individuala. 
Quite a few of the palp mutanta deacribed earlier 
concern haira or aealea on the palp, VandeSey and Craig (1962) 
deacribed an autoaomal muijiiilin'apeGk*, involving aealea 
yNivEirs\^'* 
78 
o» palp* fh9 WMHnt WU9 ehtirm«UriM§d by « §mm22 patch 
9/ »hit9 «««!•• «fi iha tfor«o««<ff«i aapaei of taffmcHt 3 o / 
th9 pmlp and MM «on/lii«<f to famalaa uhila iha pratani 
mutattorn manlfaata in malaa only* 
70 
^^ "Pfl^ g s^omtnt misaina (van) 
In normal individuaJa the palp haa three aegmenta and 
the apical aegment in malea ia pointedt hairy and extenda 
forward and upward beyond the tip of proboacia. The 
'palp aegment miaaing't a apontaneoua mutation waa diacovered 
in malea during the couras of routine aampling. It ia 
characteriaed by the abaence of apical aegment and the 
aubapical aegment appears to be blunt, inatead of being 
pointed. The entire 2''aegmented palp ia aa long aa the 
proboacia (Fig,ix»1), The nutation was obaerued in males 
only and did not show up in the females. 
In order to determine the mechaniam of inheritance, 
maaa croasea were made in all possible directions the 
reaulta of which are aummariaed in Table II i , A croaa 
between mutant malea and wild type femalea produced all 
wild type individuala in the F^ progeny. When the F* were 
intereroaaed, all the femalea in the F^ were again normal 
but male progeny waa oompoaed of 262 normal and 76 mutanta. 
The back croaa between F^ femalea and mutant malea produced 
214 wild type and 180 mutanta amongat the male progeny 
while the femalea were again all wild type, Theae numbera 
of the F- and back croaa progeny, aa far aa the malea are 
concerned, are cloae to a 3:1 and 1t1 ratioa for the 
fig* t t Mutant mal9 Bhoming S^»§9ffm9ttt9d pulp 
fig* 2 t Mmgniftai vUm •/ «Ht«fit palp ahomimg 
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wild tup9 and muUni tndi9tdU9l9 r««j»««tt9«iy« Tha ftmnl^tt 
Imtkimg 0xpn»ttom of tko trati mora aliMya mild typ9 in 
thi9 roffard* Th§ 9hi'-^guar§ valu§» Aa«ttf on tkM po»9ibility 
of oimplo, outpoonal roooooioo moohoRitiR woro 0*569 ond 
f*466 for tho f' and back oroao progonioo roopoetivoly and 
wor€ muoh logo than th« tabla valua of Jf»84 at 5$ leval of 
oigntficanco mith ona dogrott of fro^dom, 
r/k« data umro furthor eonfirmod by tinglo^pair natinga 
in all tha throo dir^ietiona, Ao oummariMod in labia II B, 
tha 12 ^^ book eroaa ratioa amongat tha mala progany mora 
again 5t1 and ttf raapaetioaly* Sara, again, tha famaloa 
vara aXimya wild tppa* -^he reaulta, tharafore, elaarly 
indieata that tha praaant aiutation, aaaignad tha tymbol pamm 
ia a atnpla raeaaaioa opar tha wild typa eondttion in malaa* 
Mutant palp t« of tha aama langth aa that of probooeiam Tha 
monofaetoriml natura of mutation ia eonfirmod by i^ and 
book oroaa proganiaa giving tha axpoetad Mandalian ratioa 
with almoat aeeurata praaiaion, Tha trait ia tharafora^ 
inharitad •• a aimpla or monofaatorial, autoaomal raaaaaioo 
and tha axpraaaion ia limitad to malaa only, 
Tha panatranaa of tha gana ia naarly 90f (Tabla Ifg 
»a*9)» Matpraaaivity ia uniform and almoat all tha 
inatviduala ahom a bilataral abaanoa of apiaal aagmant, ao 
that tha lowar aagmant gioaa a blunt look (Pig*II,2J* 
84 
Th€ oth0r jM»fRt 0 / eon*fd«ratfoil i» thmt th0 mutant 
imdiptiuult, f9Xl9mine 9b§§iu€ e / upteal ••ir>«i< «Aev • 
r^ductipn in tA« »tM9 0 / />aip »f tAout any m^dt/iaatton* In 
ethar palp mmtamtt daaerihad aarliar raduattcn in aixa ia 
ttaualljf tha raault 0 / aoma modifieatipn of ahapa or airuetura, 
d mutution j j £ In £al££ ff|j>ff*!f /qfjimi redueaa iha apical 
tagmant follewad bi/ a amalling at Iha baaa (Ahmad, f97Gj* 
Similarlug tha 'akort palp* mutation in AnophalaM ia 
di/farant from pom aa tho raduetion in that eaaa ia duo to 
a ahortantng of anttra palp to about ona third (g:applar,r965J* 
Another mutant, *9hort palpi* ohowa a pronounead ahortoning 
of K&xilJary palpi in both aaxaa (Franeh, 1963)• 
lapan (1955$ 1957) daacrtbad tmo intaraating mutanta 
*elubbad palpi*, diatorttng tha palp and *raduction of 
antanna and palpi' in Aadaa aaauDti, fandaSay and Craig 
(1962) hava daaeribad mutanta lika *mrt*, *kink*, *bulb* 
and *knobbad** faw othar intaraating mutations in 
ISiU, a£MM£jl «»•• 'P^^P antanna* (Pataratn £ | $!•» 1976), 
mhioh modifiaa tha apax of masillary palpa into antanna 
lika aagmanta and 'paJp^^Mtondad* (Martbarg, 1975) vhioh 
oauoao tha minuta globular apioal oagmant of famcla palp 
to ba anlargad and astandad* Tha praaant mutant ia, komaoar, 
diffarant from all thaaa phonotypioally aa wall aa in tto 
aspraoaion and tha moohaniam of inkaritanoa. 
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C, SrS MUTAMT 
During reutxim •xaminatien of th9 eolonistd 9train 
§om9 indioiduala with abnormal aya vara diaeovarad. All 
othara in tha population had wild typo omoeth and roundod 
oyoo (fio*lt1Jm Iho mutant trait oxorto it§ offoei on a 
loealiMod part, moot froquontly in ono of tha eompound oyoo 
on th§ antorior and olightly latoral portion whoro many 
faeoto got onlargod and tha ommatidia aro irrogular and 
largo, Thoy appoar in tha form of a prominant bulgo in 
both ff«x«« (figa»X,2 and J!J, 
Tablo I A givoo a oummary of brooding oxporimonta 
through maao eroaaoo to inoootigato tho inhoritanoo of tho 
'bulgod oyo* mutantm Mutant fomaloo whan erooood to wild typo 
maloo produood 844 indioiduala in tho t \ and all woro 
»ild typo irroopoetipo of «•«• Tho i^ P'^ff^'^y ^f ^*<« orooo 
eoMl«t«tf of 615 inild typo and 256 mutanto, tho irrogularity 
oppoarimg in tho two ««jr«« with olmoot oquol froguonoym 
Tho rootproooJ «r««f boiwoon wild typo fomaloo and mutant 
moloo gmoo wory oimilar rooulto in tho F «« moll ao in tho 
t^* ^^ ^*<A thooo ero«««« tho mutant did not appoar in tho 
F^ but it oppoorod in tho t^ in a ratio vary olooo to 5fU 
mild typo t mutant* Tho bioh ero«««« uoing mutomt fomaloo 
and / | maloo and »(«« poroo produood 326 wild typotS96 muHuto 
Ftgm 1 t Compound oyot of o wild typo fomalo 
ohowtng omooth roundod ourfoo9 
t^tg* S t Gompommi otfoo • / « muiont fomolo oho»im$ 
tko gromtk of onlor$o40 irrogulor ommotidto 
tA tko f9rm of 0 bulgo 
^ ' - s 
' A i * • = • * • 
44i S3:sJi^V 
^1^. y i Compound oy^s of a Mutant ma2§ Bheming 
tho bulge 
^ ^ ^ -rf- i f ' V * ^ ' ^ '-V* 
? 'i^"^' <y« 
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«ii(E 5Jt wild typ^ I 464 mutamU r^9p99iiv9l}f, th999, rMuitB 
W0r4 mgmtn vry t fnllor end g%w «« aiii««t Itt ph^notypte 
rutio »ugg9»titig thmt th» nhn^rmality w h9tng oQntrcll^d 
by a •tRpif «»to«oiiai, r««««tt9# g^n*, nom d^^tgnaUd thit 
9Cy»bol blttm 4 en>»9 b§tm9n mutuni /0ma2§9 and mutant ma2§M 
produead only sbtciit indtoidualn numbartn^ 666 in th« F^ 
progeny^ fha ehi'-aquara 9«lu€» for tha /tr§t four typat o / 
oro«««« ranging batmaan 0»29J^U426 ware mueh leaa thari tha 
tabla oaJua of Jf»84 at 5f laval of atgntficanea teith ona 
dagroa of fra&dom and, tharafora, fully aupport tha hypothaaia 
for tha trait baing monofaatorial» autoaonal raeaaaiva* 
Thaaa raaulta mora furthar eonfirmad by ainglO'^pair 
matinga in all diraetiona (Tabla I SJ, Tha i' progany uma 
alwaya wild typa n^ila tha f progany of eroaoaa in aithar 
diraetion eonaiatad of mild typa and mutanta in numbara 
oary eloaa to JSsf ratio raapaetivaly* Similarly tha two book 
oroaaaa produead wild typa and mutant indipiduala in ratioa 
eloaa to ttf raapaatiaaly^ 4gain, no axpaotad» i^ progany 
of a aroaa baiwaan uutant fanalaa and mutant malaa produead 
all bulged eya'individuale* Penotrmnee being above 90^ in 
almoet mil the eroeeee wee good (Tabla If, #o* fO)» 
Mmpraeeiwity wee fyirly eenetent and oiebiltty, eureiwel 
and fitneee of the aiiif«ii«« wee eomparable to the wild type 
indipiduale* 
Sinee the dieeooery of the firet eex'^linhed 'white eye' 
mutant in SMIMM, »92eetue (Hlehriet end Meldene, t947)$ 
Q ^ 
a larg§ number of apoHtan§oua a« will «• tndue0d mutationt 
ttf/Bettng ty« colour Aaoo ftoen <(f«eev«rotf fii Cul^a opoolot. 
rAo«« tnoiiitfo ••«->!OtlFoii 'rmd «yo' f'tic^* /P^J^ 'icAfto ov«' 
(lav0n, f964)$ and *ruby 9y§* (^iU9 £ji ^•f 1965) in 
C^l9s DtBimiiMt *earmtnB «y«' and 'black aya* in GUIMX taraaJi§ 
(daman, 1975)» *ruby aya* in Cula^ fatiaan* (Chowdaiah and 
Hhatty, 1976), 'maroon «j/« ' in GuUx p ig low fatiaana 
(Choudhry fX 2l«* 1977), 'whita ay* in Gules iaraalip 
(Barr and Myara, 1966), and 'red spotted eye', 'mhite eye*, 
'rose eye' in Gulex tritaeniorhunchue (Aabbani and Baker,1970i 
Baker,1969t Baker and Sakai,19?3)» Subeequent loork of Tadano 
(1976, 1977a, 1977b and 1978b) on Aedea toaoi revealed many 
eye colour mutationa like 'cherry*, 'reddiah eye*, 'ruby eye* 
and 'plWK eye*, Similarly det^ea aeetiPti ahowed many eye 
mutante like 'red eye* (McGlleland, 1962a), 'white eye* 
(Bhalla and Graig, 1963)0 'ruat eye' and 'olive eye' 
(UeClleland, 1962b), Another mutant, 'bleached eye* maa 
reported in dedea taentorkunehu^ (C*Meara. 1975)* Huita 
a few eye mutante have alao been reported in dnophelea, 
Theae ineJude 'red eye* in dn^phelea aMteeua (Baker and 
KitaKiller, 1964), and 'white eye' and 'pink eye' in 
dtfBhelea aambiae (Meaon, 1964t Maaon and Baoidaon, 1966), 
Few eye eolour mutationa have been traced to the 
ehenieal level, Bhalla (1968) while deeeribing 'white eye* 
<A ^orfoo aaayati ahowed that the mutation lacked the 
Omm9€hrome aynthaeia in eoupound eyea and ocelli, Preeenee 
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or ab9§H9§ of ommoehromo at^d pUrint kav€ b§0n found to 
produ9§ dtffr^nt •y eolourt 2tk9 *ret', *u>§ta$' and 
ruby tn C^9x sjpiwna (Dgnnhotfmr, 1971)* In 
Anoph0^Mf atrcDarvu»M j5r«#«nc» of (•o«|><aj)t«rfii« or 
a^ptapttrint mak§» §y§ rtd or wild typ€ (laudani and 
Annrita, 1970)% Ao §uch phanoKHtnon ••«ai« to be inpelved 
in tH0 pr0»9nt mutation, 
Mutationa affaeting atruotural modifications in oyoo 
are aurprioingly amall in numbar, Tha fam roportod onoa 
includo, *dioidod oyo* (Barr, 1969)$ and *oyo gap* 
(Ihalla iJiSLl»» 1975) in Cul§x DiT^iano and *ahnormaJ aya* 
^^ ^ulo* tritaontorhunehuo (£akai • ! £J . , 1976)» Trpio 
(1979) roportad an ayo s^utation *eerimpy eya* iataetabla 
in all tha otagao* It offacto colour, sixa end otrueiura 
of tho compound oyo in dodoo oooki, The light brown oyoo 
aro only ono third ao lorgo a« tho oyoo of wild typo and 
tho emmotiditt oro irregular in ohapo and oioo, tho cornea 
tf fuoay and tho inner otruoturo of individual ommatidio 
f« otrongly modified* Like tho prooont mutant hlom 
'oerimpy oyo* to controlled by o oingle roeoooioo gone 
but located on oex ohroMOoomo* Tho two aro different in 
nature «• well oo in their moohoniom of inheritance* 
Tho prooont gone dooo not «•«« to affect the pioion 
ooriouoly •« no abnormality in the bohaoiour of the mutant 
»«• noted* Affected indioiduolo were equally oetive and 
0omp9UH9* cjitf /lUd ar9umd without any diffieulty* 
Sineot 9mXy a part of tko oompowtd oyo ahomi onlargodg 
ooottorod ond irrogulur ommotidia^it deoa mot ooom to 
to 0 / kindoronoo in tho normal fumetionimff and bohooiour 
of tho mutoHto* Xho obmormaJity to only Jimttod ond 
loealiMod ond tho adporoo o/footo of it, if ony, oro to 
noffligtbXo thot thoy romoimod umdotootod. Contrary to 
thto oomo othor mmtanto liko 'oerimpy 9yo\ whoro tho 
tffholo oyo to offoe tod and tho gono «•«»• to haoo a 
plottropio of foot, may haoo ooriouo eonooguoneoo on oiotom 
and produoo an adoorao changa on the bohovtour and fttnooo 
of tho mutanto (trpio, f979j. 
Tho prooont mutation hao no Pioiblo ndveroo offoet 
on tho immaturo otagoo oither. Both, tho larvso and pupao 
grow normally and tho abnormality boeomoo apparent only 
in tho adulto of both «««••• MeClloland (1962a)doaeribod 
'rod oyo*, o^oro both ooolli and eompound oyoo mora 
affooiod and tho trait oould bo dotoetod in tho laroao, 
ooon boforo hatehing* In adult oyo tho faooto iy#o«ii# 
onlargod and tho tfy* appoarod to bulgo liko tho prooont 
•ii«« Tho othor oyo mutatiomo in dodoa aoouoti^ liko 
*whito oyo* (Shalla and Craig, 1965)$ and *ruot oyo* 
(Modloland, 19€2b)do not indmmo omlargomont of tho oyo 
and • • • « to bo guito difforont from tho prooont on** 
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JD, PROBOSCIS M9TAMT 
^i £££& prff^ffffftf ril££^ 
Th% probe§ei§ in normal indtvidualB of th« 4ip#ef«« 
usually runa straight and i§ altghtly eurvad upward at tka 
apical and (^tga*XI,f,2 and 3)* In tha mutant individuals 
0 / bath aaxaa tha praboaeia ahowa a dotmvard bant (fig§mll, 
4 and 5J* About ona third lani^th of tka probooda^ naar 
tha tip aeuialy and abruptly bands down and tha curva is 
clearly visibla from tha latar&l sidaa (Hgs,IIt6 end 7J* 
Crossss afsra made in all possible' diraetions to 
da tormina tha pat tarn of inharttanea of this trait, Tabla AI A 
summariMSs tha results of mass orossos* A cross batmaan 
Mutant famalss and mild typs malss and viea varsa produead 
267 and 226 indimtdumls raspaetivaly and all mora normal 
irrsspaoiios of sax,, ihsn tkass /^ individuals wars erossad, 
out of « total of 4€€ imdimtdumls obtainsd in tha f^ 364 
msrs mild typs and f02 mutantSm Ihis approattmatad a 3if 
ratio, Grossas bstmoon / . fsmalas and mutant malas and 
batwoon mutant famalss and i^ malas, proiuoad both mild typs 
and mutant indipiduals in numbars 169t159 an4 244t189 
raspsotioslym Thssa back oross ratios wars thus eloss to 
1t1 in both oasas, A cross batwoon mutant famalss an4 
mutant malss produead 340 offspring, all mutants* 
u 
i'tgm 1 t Mormal /•aiai« 9h9»iHg §traiffht prob99eta 
fi$» 2 I jToraai aici« 9k9win9 9trttight mnd aJiphtly 
upmur4 9ur99 0 / pr9b999i» 
•-""^fM'T- •'—x. 
^te> 3 i Magnified vi0w 0 / normal mal* probotuttg 
§ homing an upward euroo at tha apical and 
Figm 4 t Mutani fauaJa 9ho»ing tha downieaNt band 
• / proboaeia 

fig* 5 I MuHnt maJ^ Bkoming thu d9tmwar4 b§nd 
9 / pr9b9§ei» 
ft00 6 i Magnified Ht^rul »l«v of a / •«« ! • 
pro&o«ei« •AowfRf thM tip aeuttJy 
eur99d downward 

Fiff, 7 t Magnifitd JuUral vltv 0 / a mat* prob0§ei* 
«h9uinc th9 tip aeutttly eurvntd domnsmrd 
fig* 9 i Br9k0n prohoaet9 of » mutant f9ma2§ 
^p^ 
Jttg, 9 i Broken proboMCt* o / mutant ««!• 
- J f - !'- , ' • • -
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i>ut9 9bi9in§d /rem •tn#i««>#«fr matingt 90m/trm§4 ikt 
r§Mu2t9 9/ ««•• 9ro§a9§ (f9b2§ II B). fhw f^ prpg^ny 
9om9i»t94 9/ fiitftvftfiMi* in jiiMift«r« whieh iwr« «i9«# to 
Jftt(72,6 f 5*5Bi20.0 ^ 5*t5J. Simi29r2y t/h« two b99k 
«rre«««« pr9du99d »t2d typ* 9nd mut9mt9 In a r9tio 92999 !• 
Ill r««p«etft7«iy, A ere«« ml«r« 6otA tA* p9tring partii«r« 
v«r« stiitanttf pr94uc9d a22 mut9nt tndiotdu929 in th9 /*. 
prog9nym fh9 tr9it» numad • • MovR pr9b99ei9* a»<f 
9ymbo2i99d by dfop* th§r9for9^ • • •» • to o^ e9»9rn9d by 9 
9ins290 9ut999wm2 rocoott9« /aetor» 
'^Ao roouito iwr* oiottottoaiii/ anaii^ ood antf t««t«(f fry 
tfte e/kf«m9u«rt sotAod. rxi« cl^l^o^uaro ooitito for th9 
3^2 (^•^^4) and btktk ero«««« (U293 and J*49Jf) b^ing 299$ 
than iht tab29 vsiue (3*B4) at 5^ 2iiv92 of 9ignt/ieane9 mith 
on* d9gr99 o / /r«9dom eon/irm tka rootiito ond 9upp9rt th9 
•otto/oetortai* outoooaai* rtoototoo hyp9th99i9 for tka g9H9 
£££• iS^ fJieo t/k« r«of^roo«i erooooo ^aoo ofntiar roouito* 
tAo tpott to not 999^2imk9d or oo4r»if«i<to<f» 
ffto /99dimg b9k99iour o / tAo mttonto voo oioooiy 
• futftotf. fJko /f««ioo »f til ofiito tfownNirtf Aojit ^roAoooto 
9k9m9d difft9u2ty i» pi9r9ing ofitf rotrooffn^ tAoti* j»roAoooto 
•Alio ta*tJi# b296d m992. IBOMO O/ tAon voro oftHor 
mioitooooo/kt in pi9r9ing oM eroviotf on tAo ottr/ooo or» f/ 
t*oi, oMOtootf tR pi9rcing0 /ttiocT to rotroot tAo ^roAoocfo 
br99ktHg it in tki9 9f/9rt (Fig9*2I, 8 and 9Jm M9m9V9r» 
b9ik /OKOioo and 99299 did not Aooo auoA Aiffi9u2ty in 
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f§9ding OR BueroBt 9oah§d totion pad9» ttvtugh ceeattonally 
th9y ]^r9k9 th0 pro>«Bci§ tm ihta pr0C99B toe* Stne^ th9 
abnormal probooett hindtra and inhihtta tho normal faodtmg 
duo to mochantoal dt//ieultioo» the trait may ba ragardod 
a» aami'-'laihal particularly in fomalaom 
Tha ponatranoa of tha gana dop baing abova 87f for all 
tha oroaaao (labia £r»Mo,tfJ was goodm Mzproaaivity of 
th« trait waa fairly uniform though fam individuals ahowod 
an axtrama euroa. Viability of the mutanta waa much 
raduead a» comparad to the normal onto, Curvad proboaeia, 
poaad Boma diffieuliy in 9m«rganea and tha adulto took mora 
tim9 in wriggling out of th«ir asuvaa, 
iialatively aifiall numbar of mutationa involving proboacia 
hava haan racordad partly bae&vsa of the fact that any 
abnormality of proboacia may aarioualy inhibit blood faading 
and tha indi&tduala may dia without agg laying, l^raita 
which intarfara in tha vital functioning aiui auroival would 
bo eomparattoaly far too laaa* Franch (1963) in inoohalaa 
raportad 'bant proboacia* and 'auparnumarary mouth part* 
involving proboacia* Tha formar waa mora ara laaa aimilar 
to tha praaant ona but had a laaa aaeura ganatie baaia* 
Tha 'auparnumarary mouth part* had a oantrally diraeiad 
'•xtra* mouth par it arising from tha baaa of proboacia* It 
variad in langth and oftan had a terminal tuft of haira or 
bulh* 
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S9m§ mutumtt mff99ttnff tht pr9ho»et» haw h§0n r^porUd 
in i»d<» ai«o« Th§ *he9k»pr9h999i9* (V9nA9M9y ancf Cr9ig,t962j 
h99 tH9 m9di9l third 9/ th9 pr9h999i9 b9mt 99ntr922y Into « 
hook, with th9 dt9i9J third 9ff9tH 9xt9nding 9nt9ri9rlu* 
99nd9ll9u and Cr9i9 (1962) r«jpert«df another trutt 
'Jab92l9-'J999*, 9^9r9 th* nak9d 9tyl9t9 9xt9nd9d from tho 
tip of th9 labim, iht9 nutation IM« a g9n9tie l9th9l 
b999U99 f9mal99 W9r9 unahl9 to t9k9 blood ond /atiodf to lay 
90S9» ^'vo oth0r mutant90 *mhit9 prob09ei9* (Craig, 1967) 
and *9lyp9U9* (MoCllaland, 1962c), eon99m9d o5«fne« ontf 
colour of 909199 on probo9et9» ffowooor, all th999 mutant9 
d99ertb9d oarliar, ara diffarant from tha praoant out in 
thoir nature 09 wmll a« in the mechani9m of inhariianea* 
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jr. ABDOMES MUfAMT 
III gwni ffMfffffff (sMSk) 
'ih9 trcft ourvtfdf abdoK^n •xfr««««« itflf in a tmtry 
eharaet^riatie manntr^ d/f§et0d individutt2§ show a marked 
t»i9t in th€ ttbdemin&2 ••^R«fit« u§ua22y b€tm0tn !^6» with 
th9 r09u2t that th9 po$t0rior part of th« abdoman bweou§§ 
eurv0d OR on0 «t(f«« fh0 trait, praaant in bPth •««••» f« 
mora pronounead in ma2a9 (Figa*XII»ft2 and 3)* iha 
vi2d typa abdoman ia a2moat atratght and ey2indariea2 
(ng.llU4)f 
Craaaaa mara mada tn a22 paaaib2a dtraetiona to 
invoatigaia tha pattarn of inharitanea* fab2a XIJ i ahowa 
tha ra»u2ta of maaa croaaaa* A22 tha t' progany waa 
eoKpoaad of mutanta tt2ona wAan both tha pairing partnara 
mora mutanta* i oroaa batwaan mutant famalaa and wi2d typa 
««!•• r^etfue«<f a22 mi2d typa individua2a (503) and tha 
raaiprooa2 aroaa a2ao gaoa tha aama raaulta (4^4J• Bovaoar, 
whan thaaa i^ indi9idua2a mora oroaaad among thamaa2oaa0 
out of a tota2 progany of 637 and 405, 502 and Jf3 vara 
morma2 and f55 and 92 mutanta raapaetiva2y for tha tmo 
oroaaoom Thaaa numbora aaam to ba quita o2oaa to a 3»f 
ratio, Orooaaa batwaan mutant famalaa and i^ hataroaygoua 
malaa and oioa poroa produoad 226$f94 and lOOtlO, wild typa 
Hg, t t Mutant Ra29 Mhowtng eurvttd abdomen 
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/t^« 3 i a^pmtffi 9i§» 0 / tht mutant aMomtm 
sho»itkff 9 eurp4t b§t»€9n &§gm9mt9 5<»tf 
i't^* 4 I Hid typ0 mal0 and /•maXa $h&mtng 
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«f«fn fairZy eio«« to • ftf r^tU with 9ltght f2utiuaii9H9. 
ih0 9b0P9 r9§ult9 wr9 confirmtd by tkw pregthy • / 
9ingl9»pair nutings (fablt III SJ» The f^ progwny « / 
ero999» b9tw99n mutant f9ma29 and mtJd typ9 ««J« and 
pi99 99r9a »99 922 n9rma2m '^ha / « pregany 0 / th999 
cro9999 iM« coKpo««d o / bath wi2d type and mutant 
indttfidua29 in nwRb9r9 77*3 ;*; 4*2Ct25»0 •f^ f*5^ and 
52, f ^ 4*26tf5*J -i^ 4*28 r99pa9tioa2y0 whtah m9r9 e2999 to 
J / / ratio. Tha tmo back croaaaa produe9d »i2d typ9 and 
mutanta in a2mo9t 9gua2 numbera as 9xp0et9d 
(43.3t40,3 and 33.Ji23.JJ* 
The data thus 9trong2y auggeat that the tratt t# b9ing 
09ntr922ed by a 9imp29» aut09oma2 r99999ive gene. ^ine9 
r9eipr9ea2 ci»04i««f a2way9 gap9 9imi2ar r99u2t9 and tha 
traft f« 9xpr9t99d in bath •«x««« It f« neith9r 99M-'2ink9d 
ii«r 99x»2imit9d. Ghi'^guara 992u99 ranging b9t»99n 
0^52»S.€47 and being muah 29w9r than th9 tabZa 9a2u9 9/ 
3»84 (T9b29 XII d), euppart th9 110110/actorfai* aut999m92 
f*««««tt9« hyp9th99i9 far the tr9it. Th9 mutant 9ur99d 
aM»««ii» h990 th9r9f9r9, baan givan th9 9ymb92 cttf. 
Mmpr999i9n 0 / th9 g9n9 aua t« <ff« ttnot* ^ « h9m9^yg9U9 
aum/awa individua29 99u2d b9 di9tingui9h9d 999i2yt th9ush 
9 92%ght 99ri9ti9n /ram the tifpt9a2 mutant IM« «oii«tttt«« 
9k99r99d, d9p9nding up9H th9 eurvo pr999nt in th9 midd29 or 
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Atfcr th9 tAoi*«jr. TAt Mbdom&n 9/ ike mut9»ts mpp^arw (• 
pr999ni aom» diffieuXit^* in matimff and eotdd !>• on* 0 / 
th9 e9U99§ of r9du99d /•rttltty* 
Mutant tndtvtdu929 ««0eedf te h999 l9w pi9hility and 
high M9rttt2ity during 9m9rg9ne9 «« tha abnormnJ 9bdom9n 
pr9§ant9 M99haniea2 dtffi9uJtt99 in wriggling out of tho 
axuva9* 4 high mortality wa9» th9r9for9, ob99r»9d during 
amapgenea ti'han amarging adulto haeama half trappad in 
thair axuvaa* Thia eould ba ona of iha raaaona for iha 
oartation in maan numbar of progany for tha diffarant 
eroaaaa ahown in Tabla JIJ B, Hffarantial mortality 
during amargenea and tha diffieultiaa in mating may wall 
axplain the alight fluctuation in typical mandalian ratioa 
noticed in fablaa III A and III B* 
f^raneh (1963) raportad a trait 'dbnormal abdoman* in 
dnoBhalaa* It waa du9 to diff9r9ntial d999lopm9nt of tha 
atarnitaa and/or targitaa i^ich raaultad in gro99ly t»i9t9d 
or unequally formed abdominal aagmanta in both ••x#«. Mo 
auah differential deoelopmont waa aaan in tha pra99nt trait 
and tha curoa in both • • « • • INI# du9 to olight ta/tating in 
tha intaraagmantal area* Another i^utation raportad by 
franah (f963) l« th9 'Abnarmal thorax** It raduaaa tha 
protharax in f999299 giping it 9 twi9t9d 9pp99r9n99 «iuf 
r99u2t9 in 9ri9nt9tion of tha head to on 9ng29 of about 
J&* with tho b9dg* B9th th999 mut9nt9 W9r9 diff9r9nt from 
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Many 9th9r mutattona affmciing §truetural moaift9«itto»§ 
of th§ ubdoman tnelud^t 'anJargad tarfftm' (Barr and Marang^ 
f9?2j» 'ganitalia' (Bartbarg» f965J and *SaJ/ gantUlU* 
(VandaBay and Craig, 1962)* Tha Hat of mutattona aaaoetatad 
tetth aealaa on ahdomon and body ia fairly long* To mantiom 
a fare, *goldan* (Sakar, 1968)» 'bronaa* (turkiawiOM and 
Bhalla, 1969)* *atripa* (Sakai aj o i . , 1974), *blaek body* 
(Saa»right and ^arrall, 1972), 'pigmantad paddla* (Chang 
and Barr, 1976), *apof (KoCllaland, 1962e), *pala abdoman* 
(MeClialand, 1962a), 'brindla* and *buf/' (Craig, 1967), 
may ba phanetypicaJly important but dc not produea any 
atructural changa and ara tkua laaa auoeaptibla to tha 
fortsaa of aalactton than tha praaant mutant* 
113 
/*. WSGlg BOOT MffTiMTSt 
nil Hitfrm OSJL) 
During th§ c0ur»0 of routimg Bxamtnatton indtoiduttlB 
»h9»tng ttbnormalitu in paripua p9ri» of th§ body woro ei«e 
diseov0rod and aomo OHQI organa aa§mad to bo affaeiadm 
i'ha antanna oppaarad eoilad and curlad and tha vinga wara 
erumplad and eurpad upward through aJmoat half tha langth* 
Tha laga appaarad wobbly and ufuiulating* I'amalaa wtra gana^ 
rally mora aarioualy affactad than tha malaa (figa^illlt 
t and ih Sinea parioua porta of tha body ara diatortad, 
tha aharactar haa baan namad *dtatortad\ 
Much dtffioulty waa anaountarad during tha braading 
axparimanta with thaaa mutanta* Imtiviiduala appaaring 
aomparatioaly aetiva and haalthy wara aalaotad and givan 
apaoial attantion in raaring oparation, Tha invaatigattona 
to datarmina tha poaaibla maohantam of inharitanoa baoama 
a till mora trying dua to tha diffieultiaa in mating^ io» 
oiahiltty and high mortality of tha diatortad iiait«iit« almoat 
at all atagaom Tha raaulta of maaa eroaaaa in all poaaibla 
diraotiona ara aummariaad in Tabla XIII i* 9han mutant 
famalaa wara eroaaad to wild typa malaa^ all fha 119 
indiaidukla in tha f^ progany wara normsl. Similarly tha 
raaiprooal oroaa yialdad 2Q9 indioiduala» all baing wild typa* 
fiff 
tig, t t Di9tort0d f€mal€i ahowing eurvd flnt«RiM« 
erumplMd mtnga and wobbly iaga 
f%9» 2 i Hatortod malo $ho»img aurvod mimga amd 
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^« pr999ny ohiuim9d by ero«»fii# ^f individmrnZBa 09H9Ut§d 
9/ h9tk iMFWfli mnd mutt^m* ph€n9typ990 th^ properttorn b^imy 
94iP6 r§9p€9ito92y» S%9 tano bti9k ere§a09 pr9dm9d wild typ9t 
m.ui9nt indiotdU9l9 in alm9t 9fiua2 nu9b9r9 (36t77 and 66t54)* 
fh9 ratio • / viJd typ9 i mut9ni9 in th9 #^ 9nd ba9k 9r999 
pr999ny M « thus «ies« to Jif and fit r^9p9etto92y» i oro#« 
fr«t»t«it KKtoAt f9m9l99 9nd mutunt mal99 produo9d 9ompar9ti99ly 
/ • v 9ff9prtnff, all mut9nt9 mith no mild Vjpc indtoidu9l9» fh9 
9hi'»99tt9r9 iNiiit** eaJfeiiJatod on th9 h99i9 9f m^n9fo.9t9r%9l» 
aut999ma2 r«e«««<i»« /k|ifj»otA««t« r9nff9d b9tW99n 0*!>48''O»€00 99 
9g9in9t ih9 t9b29 »92U9 Of 3mB4 9t 5% 29V92 Wtth 9nt d9ffr99 
9/ fr99d9m, thU9 29nding a 9trong Bupppri to the hypoth99i9m 
1%« hyp9th99i8 W99 furthttr 9h9ck9d by 9%n$29»pair uutiny9 
in aiJ dtr9et%en9 (iab29 SHI hj, i er999 b9t»99n mitant 
/•iiai« and »i2d typa naJo and viea o&raa pr9du99d 922 mi2d iyp9 
indiPidua29» B9t9r99yg9U9 indivtduaZa of i^ pr9g99y 9h9n 
tnbrgd, pr9du99d 24*9 ^ 3*29 »t2d typo and 7*1 t ^•Of miteiiU 
im th9 Pg • fh9 tm9 b99k ero««««* mitaAt f9ma29 X f^ ««i« 
aJKf 9f«« »«r#«« 9999 r\99 to wi2d typ9 and «iit«iit liMri9t<rai«J« 
tn 929991 99U92 mmb9r9 (22,0if6,J end 28,0i20,JfJ^ Th9 •ivtn 
*«t9««ii t»e «iit«iitt yi92d9d 9omp9r9tt992y /«» indt9idu929 t« 
th9 pr999my (30*3) but 922 W9P9 mMtant9m Tha d9ta thua 99Hfirm 
th9t ih9 traft *di9t9rt9d* l« 99nir9229d by a 9i9p29» antoAOMi 
^••••«tp« ^oiio. It k990 tk9r9f9r9$ *««ii 999i9n9d tha 9ymb92 
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on th§ imt§n9ttif of th§ ubMrm^lity and tA« body parto offocUd* 
Momvr, th9 Mutant* eould §9§iJy bo oogroffmUd from tho 
wild typo individuals and thoro wo no ooorJopping, Pomotronoo 
moo obooo esi (Tablo ir» Mo* 15) ond olmoot olX tho homooygouo 
(dio/dioj adulto ohowod tho mutant tratto* 
fho mutanto ohowod o poor oiobility and high mortoJity* 
A elooo look ot tho two tabloo indioatoo a eonoidorablo 
roduotion in tho numbor of offopring that tho mutonto woro 
oblo to produco* Tho pronouneod roduetton in tho numbor of 
offopring ft oory ovidont in tho progony whoro both tho 
poiring portnoro woro mutontOi, ^io could bo tho oombinod 
of foot of tho diffieultioo in matingg low fortuity and high 
mortality of tho mutonto* 
Tho wingo and logo of the mutanto aro grootly eurvod 
ond teobbJyp though longth and vonation of mingo l« uouolly 
mormol* Tko undulating logo aro longor than thooo of tho 
mild typo* Tho lorooo #••« to dopolop normolly in oorly otagoo 
but hooo high mortolity thorooftor* Mortality to oloo high 
during omd ohoriJg of tor omorgonoo* Quito o fom oro umoblo 
to otiriomto ikoir logo from tho pupal oooo mhilo othoro 
umoblo to fl$» foil to !•«»• tho ourfooo of motor and oro 
drommod. Tho odmJio mora frofuontly molk than fly in tho 
«ci^ ««* I%« opporont diffioulty in flying may roouli in 
roduood moiingo ««f lorn fortuity, thuo making tho troit 
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##»t«»i«tlkai* Sinet th§ dtttorUd trait t» ser* prompune^d tm 
/•»ai#«» th9jf 9ufftr mor0 than th9 i(aJ««« Btwavr, di/farantiaJ 
mortality 0 / tha two aaxaa r«K«ln« to bo ehoekod in ordor to 
aoaaoa if thara ia a diotortion in aose^ratio duo to thio factor* 
Tk« morpholoffioal ckaraotora a» umll aa oiahiltty 
problomo aoaoetatad with thio mutant aro otmiJar to tho 
mutationo involving winga, liko *ohort ving* in dodoo aonuvti 
(Uppal £ l £ i , , 1976)» 'ohort »ing* in Culox tr^t^oniorhnnehuo 
liinkai and Bakar, J977), 'eurvod wing* in dodoo to eat 
(ladano, 197Ba,)and 'curly* in Culox tritaomiorkynehuo (Bakor 
and Sakait 1977)* Othor Viutationo affecting wholo body» liko 
*bronMo* (Bhalla and Craig, 1964), *miniaturo* (ffandoBoy ond 
Craigs 1962J and 'fuamy* (MeClloIand, 1962c) though important, 
do not havo ao pronounead affact on tha vital functiona and 
aurifioal of tha organiam* 
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In ih9 Uberntory Mtrein of C^tisM, Pfffffffj /gflgffttf 
which waa h§tnff atarehad for ganaite pariaitonag faw 
gynandromorph inaaeta vara dtacovarad. Thau vara partly 
famaJa and partly «iai«« tha antarior part baing that a/ a 
mala mhtla tha paatartor waa typical of a famala. On tha 
antarior part, !•••« on tha haad, long faathary antanna$ 
long palpa and aueking typa prohoaeia eharaetariatio of a 
mala, ysara praaant* Paatartor part had broad ah^oman vitth 
B'ambranoua plauraa and long winga eharae tarts tic of famala 
s^ioaquitoaam Hnga wara long anough^ raaching upto tha and 
of tha laat abdominal aagmant or alightly mora and tha laat 
abdominal aagmant had famala ganitalia (Hg»IIf»f)m 
In apita of rapaatad affortat tha gynandar did not 
taka hlaod ««aJ» Sha mouth parta baing typtaally that of a 
mala» tha prohoaaia baing awaking typa inataad of auoking 
and piaraing typa» thia waa quita axpaetad* i aroaa of 
gytuMdar miih a normal mala maa mada* da aspaetad, thara 
wa mo avipaaitiom and it did mat yiald amy progany 
(tahla lift aroaa V* 
Mmathar lima waa inbrad far fiva ganarationa by takimg 
a pair of normal aiba of tha gymandar* Out of a total of 
436 imdtviduala produead in fima ganarationa 16 gynandara wara 
ill 
i f p . f t Oynandromorph whewtng ant9rtor mal* 
part and pot tarter famala part 



































































f9ma2§» and a!«J#« from th0 Itn^ yi^ldine tht gynmnd^r 
v«r« ih§n outerp9»td with Individualu of tho oppo»ito ••» 
from non^ffunendor itJi«. Thoao erotaoa yUJdod 382 and Sf9 
indivtduala in tho progany but no gynandor wao roeovorad 
(fahlo 117, cro9aat 3 and 4)* 
Thara aro two abarrant aaxuai typaa, t.««* interaaxaa 
and gynandronorptmwhteh ara viawad aaparatoly* In extornal 
appaaraneo and origin thay ara quita diatinct* Gynandromorphiau 
in moaguttoaa h^g haan daaeribad fraquantly. In moat eaaaa 
thaa« mora raeovar»d from natural populationa or from 
Jaboratory-'brad atraina. In tha praaant caaa, ainea tha 
gynandar waa raootfarad from a laboratory colony wHteh had baan 
tnbrad for aaoaral ganarationa, it may raaaonably ba aaaumad 
that tha gynandar »aa produead from a eloaaly inbrad a train, 
Lapan (1957) haa attamptad to clarify tha origin of gynandromorph 
MM ^f* Culax* It waa obaarvad that tha a train from Mainm, 
produead 5 * ^ gynandromorpha* Anothar abnormality 
gynandromoaaiat gg^ had a lom fraquanoy of 0m295i> (Ahwtad0 1976)* 
fha praaant gymmndar aa^m on tha baaia of tha numbara raoooarad 
aaama to hawa a higkar fraquanay than §§, but Jomar than oun* 
Tha foot that in aJmoat all oaaaa tha gynandar appaarad 
in aueaaaaiva ganarationa indiaataa that aoma typa of 
inharitanaa daaa asiat, Sinaa aaum ft unabla to raproduaa 
and ia atartla, tha faotor/a raaponaibla for ita appaaranea 
aan not ba tranamitt€d through iynandromarpka thamaaJvat* 
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Stn09 tA« gynand^r mpp^artd only in th€ progeny « / normml 
»ib§ from th§ gynandtr fmmilyt it it quit* prehabU that 
tha /B«ter/« r««p«iMffti« /or It mra tranBmitfi through 
tho 99xumZly normal individualo of tho tan* otook^ Moot 
likoly tho trait io r«tf«««t9« ao it appooro in tnbro4 lino* 
only and did not appoar in ero4i««« mhoro ono of tho pairing 
partnoro woo from a diffiront lino. It thoroforo, «•••« to 
bo dtfforont from oun^ whioh voo ouggootod to bo tho 
OMproooion of a dominant gono (laoong 1957)* 
Gynandromorphiom and tntorooxuality aro not infroquont 
in mooguitooo, Intorooxoo and gynandromorpho haoo boon 
roportod in %|,fi g|ffff»| /ffttfff'ff (^^hotty and Chowdaiah^ 
19750, 1975b) Qulos pipiono (Looon, 1955, 1957)» dodoo BMMSJUL 
(McCHolandt 19631 (^raig and Siohe^f 1967), Udfo albopietuo 
(Bat^'Miriam and Craig, 1966) and in io^oo niariooo (Bruot,1966)* 
ffomooor, noithor tho naturo nor tho moehaniom inoolood in 
tho production of ouoh • •# a2>iiomaif ttotf (• moooooartiy tho 
oamo, Lavon (1955) dooeribod an autooomal rooooolvo liit«roo« 
f •«• *« £Klf£ £l£lJil£ »A<«* fominiooo gonotio maloo, 
MoGlloland (1963) ohomod that intoroosuality io undor gonotio 
oontrol in Ji^ft ggJUOJl' ^* »«• «» ••»t«««»«l rooooof »•« 
to«*itiittotf ^oiio dooignutod ao intoroos, !£• Bo aloo ioolotod 
a otroin mhoro maloo oho» fominiMing of foot omdor oortain 
tomporaturo oonditiono (25^27^0 but appoorod normal whom 
roarod at lowor tompormturoom Qraig (1965) ioolotod a 
dtfforont intorooamprodueing otrain at high tomporaturo. 
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Amir XhaminH (1970) M « 9uce*9§fiil fii tnduttnt 0ytutnaromorplH§m 
tiMd a9M mofietnt iff a mmiMffifnte agant thMJimida tn 
Sad th§ «cx tn st6»quit999 &««ii d9p9nd9nt on XY m9eh9Jfii9m 
«* ^^ ^ro9fBhila^ ih9 9rigiH of th9 gyimndor eouZd h9P9 ft*** 
9sp2ainaS 9Imply a« a r99uJt of th9 2o99 of ono x ehromooomo 
from tho malo p9rt9» Stneo thi9 t9 not oOt on* hoo to look 
for oltornottpo m9ehont9m9* 0Hehri9t and S9ld9n9 (1947) 
9us309t9d tho feetoro £ and £ for th9 d9t9rmtntttion of ••«• 
the faotor for mol9n999t £» h9ing dominant ooor tho f00tor 
for f9ma29n999» £» ^^' oonotttutton of a mal9 haa both tho 
faetorop M/m^ »h9r9a9 tho /•»cti«« ar« homoaygouo m/m. If omo 
a99umo9 tho origin of tho gynandor on thio baoiOB th9 g9n9tio 
eonotttution of tho maJo and fomaJo porta ahould bo ufm and 
m/m roopoetiveJy, Thio eould bo pooatbJo if tho ogg had two 
nueloi both haotng j | faotor and oaoh ono of thorn woo fortiXiaod 
by a difforont 9p9rm0 on* hooing £ and tho oihor toaring n 
faotor»Zho two porta of tho oamo indioiduaJ mould than dovolop 
difforontlyt tho portion having M/m eonoitutien mould givo 
rioo to typieal mala oharaetoriotioo u^tio tho portion with 
a/« gomoo mould difforontiato into typioal fomalo 9truotur99» 
Or 9190B a di9twbaH99 in tho gonto balanoo may bo r99pon9iblo 
for th9 produetion of gymandorom In that «««• m99hani9m 
ltlt9 th9 9t9rility faotor roportod by laoon (1953) in 
£ l l l t t I l l l l M »"^ •-^•« *«»• •<» *• oonoidorod. 
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9ym4tt4rom9f'phi»m without »h9»ine m999tetsm and i» dif/^r^nt 
/rem th9 «o«ale gynaad^rt r^port^d by la»9H (1937) «»d 
dhmu4 (1973)* Mueh norm work would bo noodod to dotormino 
tho oxaot moehoniOK rooponoiblo for auoh a §ituatton» Tho 
oom roti^^ fit tho progony of oil tho erooooo ohown in 
TabJo JIT ma almoot ftfm It thuo indiootoo that tho 
footor(o) rooponoiblo for oam hovo no offoot on bolaneod 
sex ratio* It to moro to boeouoo olmoot aiJ tho individualo 
bforo normol and only a omoll frootion of progony ohouod tho 
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0oii#e*«df from th9 Onivorttty 9mmpu§ e / AHgurh wr* tor^^mtd 
for hiddon fftnoiic 9^r^€bUity^ fourt0€n dittinet mut*nt§ 
vmr9 i»oJat§d and roarod und^r optimal oondittono. Branding 
0sparimant§ with tho mutanto mora eonduetod in all poooiblo 
diraettoma to dotormina tha probabla moohanitm of inharitaneo* 
A briof doaeription of th0 mutationa diaeovorod and thair 
poaatblo moda of tranamiaaion to gipon balom with tha hop§ 
that thia would add to tha axiating information on tha formal 
ganatiea of thia apactaa, 
fha mutant antanna ahoum a euroa involving aagmanta 6'>^ 
with alightly dtaplaead haira* Tha trait mat found to ba 
monofaatorial0 autoaomal raaaaaiva^ baing mora prominant in 
malaom Panatranea i» good and axpraaaivity alightly variabla* 
Habilitif and auroiwal ara goad* 
^^* iMiiiMB, lAlfMA * 
It ia aharaetariMod by a apindla ahapad unilataral 
axpraaaian of tha ultimata aagmamt of tha antanna in malaa* 
fha trait ta inharitad aa a aingla, autoaomal raaaaaioa but 
gaM^limitad* It haa umiform axpraaaioity and gaod panatranaa* 
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Tk* trait d99» not «//«0t /frtfifty* vtabtlity or ••» ratfo* 
/ / / • i^ Lxai fffffffM ' lift 
fik* oA«pcet4ri»t«tfo potnt«d natttr* 0 / norwai apfoai 
««^«iit f« m94tft*d to 0 i^ittiit app0tirtinc9 im anttant 
liitffoidttoio* ooooitpoiifod by « roefuetfon in thw §iM9 of ontofifio. 
fh9 trait fo KOiio/aotorfai* outoooKoi rocooofoo ontf to 
«ojr-it»tt«<f with no pkonotypie oxproooion in /oKoioo* Ponotronoo 
and axpraaaioity aro good and fraquantly unilatoral* Hability 
and fortuity aro eomparabJo to oild typo indipiduaJo* 
Tho nutation of facto antonne in maloo only, Tko oogmonto 
booomo boadod, toloocopod into ono anothor duo to roduetion 
botwoon tho intoroogmontal opaeo, giving a boadod aipoaraneo* 
iho hairo on tho oogmonto aro ooanty* fho data ouggoot tho 
trait to bo oimpZo, autooomal roeoootpo but oos^limitod with 
good ponotranoo and oJightly oariabJo osproooivity* Habilttyg 
fitnooo and omroioal aro oomparabXo to normal indioiduaXo* 
'* MMmdk JUuuUUL * VUL 
fho amtotteii affooto fommloo omZy whoro tho aptoai and 
oubapioai oo#«o«to 0 / ontomio«*• rotfuootf in Jongtht giving it 
a ball'-^hapod appoaranoo* Mooulto ouggoot monofaotoriaX» 
autooomal rooooofoo and oom^ltmitod modo of inhoritanoo* dm 
allolio rolatiomohip mith *hlumt amtonna* and mon allolio 
rolationohip mith 'omollon antomna* to indtoatod, 3^o trmit 
130 
ik«4i 090d p§n9tranct and uniform 0spr*9»i9Hy» 
Tk0 mutmnt mal^ ant§nno HUB th§ hatrg tttrongly appraatmd 
and aiiaking threughput tha langth 9/ th§ flagallum §o that 
tha normal faaihory appaaranea to loot* Studioo oonfirm 
oimplo, autooomal rttftctttr* hypothooto, tho oxproooion botng 
limttod to maloo only* It ha§ good ponotraneo and axproooiptty, 
f tab titty, fortuity and »urpit?al aro oomparablo to wild typo 
indioidualo* 
It «ci»r««««« ttoolf in fomalo palp whora tho third 
oogmont goto doubly longor and a fourth oquaXly long oogmont 
to addod 00 that tho palp ftfcemt about ono third of tho 
longth of proboooio* Tho trait to govornod by a mono fao to rial B 
autooomal r«««««ttf« gono* iho oxproooion i« oog^li^itod^ hao 
fair ponotranao0 froquontly unilatoral osproooivity and lorn 
oiabilitym 
nil* HMMLMMIM * MM. 
fkio mmtatiom affooto palp hairo in maloo mhoro a number 
of diotinot kairo mro afMfii^* giving it a oharaefriotie 
plain or nakod oppoaranoom Tho mutation io monofaotorial, 
autooomal roooooioo and oo»^limitod. It hao oxeollont 
ponotranoo and umiform osproooioity mith no of foot on ouroiwal, 
wiability, and OOM ratio* 
' J -c 13 
IX • mjL ffgfffff MUiim f so. 
It <• eliar«0t«rfjr«tf by tA« «2»««tie« of upteol foem^mt 
end tftt b2unt •ppoaraw 9/ •ubupieol t^gmomt, thU9 mMking 
th§ palp twm fgmontoA and «« lam§ 99 tha preb99ei9» Tk9 
trait i9 inh9rit94 a« « #t«j»i#» autaaomal r«e««#fiNi« 
JP9m9tr9neo ia g99d 9nA 9xpr999i9itu uniform but JimiUd to 
mal99 only, 
Im Bt^BOd gj^ I bla 
Mutant troit •jr«ri« l t« • / / • e t on ona 0 / tha oompound 
•I/O til b9th •«jr««« Omnatidi9 and faoata appaar to bo larya^ 
irr9gular and aeattartd to form a looalimad buig9, fr9qu9ntly 
on ant9r92at9ra2 aido* Tho trait ia monofaotortalt autooomaJ 
r«o«««fe«» P9n9trane9 ia good and 9xpr999ivity fairly eonatant, 
fiabiJity fitno99 nnd 9uroipa2 ara nerstaJ. 
Prob999i9 in mutmnt indi»idua29 ahotim an aeuU bond at 
th9 di9to2 fr99 9n4 in b9tk • •«•#• £99u2t9 9ugg99t th9 trait 
t9 b9 m9n9f99t9n92, «iit««0««l r«««««f9«« having g99d 
P9n9tr9n99 but r«tfM«tf 9i9bi2ity* 
'f//• Ssexal ililtati t n t 
Tk9 mut0ti9n 9Spr99999 it992f in b9th • • « • • with 9 
9h9r99t9ri9ti9 tfHTM in th9 cM«B«ii du9 to bonding of tk9 
99gm9nt9m i*h9 trait ! • •taj»J«« «iitd«OK«i r«e«««ti»« tiuf 
132 
€nd u»iform» 9UbtIitif U r^duo^d dum to nortaifty during 
/ / / / H§t9rm i £ U 
Mutunt »hom abmrmmlity in vnriotm pnrta of tho bodym 
Antonnn in eoiind and curtntd, ninga eurlnd and erumpind and 
thn Ingn nrn .obhXy, mank and unduJf*^t^* Tk^ trait in 
menofaetoriai0 autenemaJ raeaaaiva and nami^lathai* 
^'xpraaaipity ahev>§ a »ida ranga; panatranea in gocd, viability 
ia Jaw with high mortality aapaeially during amarganeo* 
Th0§a indioidualt ara otarila and ahew a eombination 
of antarior mala porta and poatarior famala porta, The trait0 
in all probability ia tranamittad through tho normal aibo of 
a gynandar line and ia, tharafora, poaaibly raeaaaiva, Tho 
trait appaars to hava no of fact on aos ratio* 
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4bd92» MaUk, A.A.i 
and SafU B* Ahmad, f972 
t It^ue»d dominant Jaiha2 in tha 
immaiura aiasaa of gf^ ffff SiSJLLtM^ 
molaatuM farak by gamma irradiatien, 
agypt J, GanaU Cutol,»1(2)1300^302. 
Abadit Z*a*i and 
A.$,d» Brotm, i HDT • raaiatanea haaarda in Sarth 1H1 Amariean pepulaitona of Aadaa» 
aaavpti*^ Moag, Maiea,»2f(fjtt-'4m 
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